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I • GENERAL INTRODUCTION 
A. Orientation 
As long as it is not eoonomically feasible to produce 
synthetically many naturally oocurring compounds, ~. mor-
phine or digitoxin, and as long as the naturally ocourring 
product or compound is considered superior to the synthetic 
material, ~. camphor or quinine, drug plants will con-
tinue to be of importance. Further, the investigation of 
new plant materials may lead to the introduct1on of new 
chemical entities to the therapeutic armamentarium, such as 
rauwolfia, dioscorea, and amn! visnaga. Consequently, there 
always will be a search and a need for drug plants. 
The use of drug plants and of medicinal agents derived 
from them has created a need for readily available supplies 
of natural product.. However, the required supplies of drug 
plants have not always been available when needed. Economic 
flucuations, polit1eal 1nvolvements, and particularly 
environmental conditions have affected the usual sources of 
drug plant(s) and have intermittently caused failures in 
production and supply. To ove~come a failure in supply of 
a drug plant, attempts have been made to cultivate the drug 
plant(s), to synthesize the active constituents, and/or to 
locate and invest1gate related speCies that are available 
and that may provide the same or Similar active constituents 
and medicinal activity. As a result, our knowledge about 
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drug plants has been enhaneed, new drugs have been found, 
and new avenues of supply have been located. As an insurance 
against the time when there is a failure in supply, the 
studies described above should be conducted on a continuous, 
routine basis. 
Although the problem of supply1ng the needed drug plant 
material is a great one, a more perplexing problem is that 
of obtaining drug plants that provide a conSistently high 
yield of desired active constItuents. This is largely be-
cause plants, even of similar nature and background 
harvested from locations with similar enVironments, frequent-
ly give yields of act1ve constituents that are quantitatively 
and qualitatively different. Fortunately, for the most part 
these variations or differences occur within reasonable 
limits. Experiments and cultIvation practIces deSigned to 
explain and control the variations indicate that hereditary 
characteristics, biochemical flucuations brought on by 
growth and development, and/or environmental conditions are 
largely responsible for such differences (Ramstad, 1959). 
Environment is often responsible for the differences 
in the yield of active constituents obtained from drug 
plants. This is not unusual since environment is known to 
control and affect certain plant processes. The extent of 
the quantitative and/or qualitative changes in the active 
constituents, however, remains a question for each individual 
.[ 
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species. Thus, it was thought advisable to study the 
environment-active constituent complex in a readily available 
drug plant. Since there is a Veratrum species indigenous to 
the state of Utah and neighboring states, this plant was 
selected for study--Veratrum californicum E. Durand. 
Veratrum viride Aiton and Veratrum album Linnaeus were used 
as controls. 
A Western species, Veratrum californicum E. Durand, 
grows in the mountainous regions adjacent to the University 
of Utah. This species probably is related more closely to 
the medicinally important Veratrum virlde and Veratrum album 
than other less available species. It exists naturally over 
a wide range of enVironmental conditions and there is little 
information in the literature concerning the effects of the 
environment on the concentration of active constituents. 
Early in the investigation it became apparent that it 
would be impossible to investigate all aspects of the natu-
ral environment on even one drug plant. Consequently, this 
study was restrioted to the effect of soil, water, and 
temperature on the alkaloidal y1eld of Veratrum californiaum. 
It was anticipated that this study might 1) introduce a new 
drug plant into pharmaceutical research, and 2) reveal a new 
source of Veratrum alkaloids. The pages that follow record 
the background, the methods, the results, and the conclUSions 
of an environmental study ot Veratrum ealiforn1cum. 
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B. Drug Plants and Environment 
The relationship of a plant to its environment is a 
complex association. The distribution, reproduction, growth, 
and/or development of a plant could be affected by any number 
of environmental factors. In addition, the plant also is 
subject to genetic controls. Clausen, Keck, and Heisey 
(1940) studied the hereditary vs. the environmental control 
of plant distributions by investigating the affects of un~­
form and varied environments on plants that pad been propa-
gated from clones. It was observed that those plants which 
were subjected to a different environmental condition 
grown in selected sites at different altitudes -- were 
altered morphologically. Clausen, Keck, and Heisey (1940) 
conSidered these modifications in structure to be a response 
of the plants to such factors as light, temperature, and 
moisture mediated through an alteration of physiological 
processes ( the time of inception of growth following winter 
dormancy, the rate and duration of growth, the ability to 
flower, the time of flowering, and the ripening of the seed). 
The investigators (Clausen, Keok, and Heisey, 1940) discerned 
that the hereditary characteristics governed the tolerance of 
the plants to the new environment since the morphological 
changes did not obscure the individuality of the plants and 
the plants did not live if the conditions were very different 
from their natural environment. Thus, the phYSiological 
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processes of plants and ultimately their structure may be 
modified by their environment but within hereditary limits. 
The effect of environment on drug plants is expressed 
most frequently in terms of active constituent yield since 
this substance is of benefit to man. By definition, the 
active constituent or principle is that plant substance 
which is responsible for a. desired "medicinal tl effect. 
When such a substance evokes a useful pharmacodynamic re-
sponse in either man or animals and is available in suitable 
form for use in medicine, it may be claSSified as a drug. 
The alteration of physiological processes by environ-
mental faotors certainly could account for the variations in 
the active constituent oontent of plants. The manner in 
which environment can alter the active plant principles has 
been desoribed by Fluck (1955) as follows: 
The content of active principles 
in living medicinal plants is the 
balance between their formation 
and elimination during growth. 
Formation and elimination are 
affected by two main groups of 
factors; the first group is com-
prIsed of those which are based 
on hereditary properties of the 
plant and therefore fixed, and 
the second group those which are 
based on external influences, 
called ecological or phenotypical 
effects, the main sources being 
the SOil, the climate, the neigh-
boring plants, and as far as the 
plant is oultivated, the procedures 
of this cultivation. 
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Accordingly, the environment may govern the active constitu-
ent content within the hereditary limits of that particular 
plant. 
c. Effect of Altitude on Environment 
In eonsideration of the affect of environment on the 
active constituent{s) content of plants, it becomes of 
practical importance to determine what environment is best 
suited to the growth of the plants to provide for optimum 
yields of active constituents. This may be done by determin-
ing the quantitative effect of a given variation in the 
surroundings to the presence of an active constituent. 
Usually the studies are conducted under laboratory or culti-
vated field conditions. However, many drug plants are not 
easily cultivated and, therefore, are collected from the 
wild state. For this reason, a field study in the natural 
habitat remains the method of choice. 
The climate and soil are major factors in a plant's 
environment. Different geographical locations within a 
plant's natural habitat provide conditions for the study of 
the effect of variat:ions ,in climate or Boil on drug plant 
development. Such locations may involve changes in latitude 
and/or altitude within either a maritime or continental 
climate. However, of the various geographical locations a 
maritime climate as compared to the continental climate 
represents less variation in temperature due to the 
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stabilizing effect of the water. Changes in latitude usually 
do not show the regular variation in climatic factors which 
occur with changes in altitude. Therefore, a study conduct-
ed at different altitudes within a continental climate was 
thought to provide the greatest extremes or variations of 
climate and/or environmental factors. 
The climatic factors that normally vary with a change 
in altitude are temperature, solar radiation, atmospheric 
presBure, denSity of the air, precipitation, and relative 
humidity. Fluck (1955) has outlined the changes in these 
factors concomitant with an increase of altitude as follows: 
1. Temperature: decrease of 
about 0.5 degrees C. per 100 
metres of altitude. 
(For this environmental factor, Trease (1961) has reported 
a temperature decrease of one degree -- the scale was not 
specified -- per 343 feet increase in altitude. While 
Cottam (1959) measured in the Utah area a decrease of one 
degree Farenheit per 300 feet increase in altitude.) 
2. Radiation: increase of about 
1 per cent (g. cal./cm. 2/minute) 
per 100 metres of altitude. The 
increase is greater for ultra-
violet, yet during the period of 
plant growth, the increase of 
ultra-violet is not much greater 
than that for other wavelengths; 
only in winter does this increase 
show a considerable difference. 
3. Atmospheric pressure and 
denSity of the air: decrease. 
4. Chemical composition of the 
air: practically unchanged up to 
2000 metres, especially with 
regard to C02. 
5. Cloudiness: dependent on 
local conditions. 
6. Precipitation: increase, 
but this factor is very depend-
ent on local conditions. 
7. Relative humidity of air: 
decrease (50 per cent per 2000 
metres). 
8. Wind: dependent on local 
conditions. 
In an analysis of these factors, Fluck (1955) concluded 
the following: 
Of these climatic factors, only 
temperature may be reduced during 
the night 1n such a way that it 
decends below the minimum thresh-
old for metabolic processes. All 
other factors will normally suf-
fice for plant life at heights 
where drug plants grow naturally. 
In view of the above evidence whioh suggests that 
different altitudes are characterized by profound changes 
in climatic faotors, an analysis of drug plants growing 
over a wide range of altitudinal levels, ~. Veratrum 
plants, is a problem worthy of investigation. 
D. The qeneral Pharmacognosy of the Genus Veratrum 
The genus Veratrum (False Hellebore) is taxonomically 
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a member of the tribe Veratrae. This tribe is part of the 
sub-family Melanthioidae of the family Lilliaceae (Engler 
and Prant1, 1930).1 The tribe Veratrae includes, in 
addition to Veratrum, three other major generic groupings 
(Zygadenus, death camas; Stenanthiumj and Schoenocaulon, 
Sabadilla), and is delimited from genera of other tribes 
by its unique type of anther (Kupchan, Zimmerman, and 
Afonso, 1961). 
Veratrum has been found to include some 54 species. 
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They are accounted for as follows: 9 valid species for this 
country -- (5 in the West, and 4 in the East) -- and at 
least 45 species from the Old World (U.S.D.A. Handbook 
No. 161, 1960). A more conservative examination reduced 
the number in the genus, Veratrum, to a total of 23 species 
grouped in four subgeneric groups, Alboveratrum, Fusco-
veratrum, Telandium, and Meloveratrum (Kupchan, Zimmerman, 
and Afonso, 1961). The genus, Veratrum, is delimited from 
other genera by the presence of pubescence (at least in the 
inflorescence) and by broadly winged seeds (Zimme~n, 1958). 
For a review of the taxonomy, morphological characteristics, 
geographical distribution, and chemical relationships of the 
members of the tribe Veratrae, see the report of Kupchan, 
1. Note-The subfamily, Melanthio1dae, has been treated 
on oeeasions as a separate family, the Me1anthiaceae or 
the Colchicaceae (For references, see the report of Kupchan, 
Zimmerman, and Afonso, 1961). 
Zimmerman, and Afonso (1961). 
The use of plants of the Veratrum genus and related 
genera particularly for medicinal purposes began hundreds 
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of years ago. Galenical preparations were used during the 
Middle ages for purposes of sorcery and mystical rites. In 
later periods, preparations of Veratrum were employed in the 
treatment of fevers, as counterirritants, in neuralgia, as 
cardiac tonics, as emetics, as crow pOisons, and as insecti-
cides (Goodman and Gilman, 1955; and Krayer, 1958). 
Veratrum was f!rst introduced into medicine in the 
United States as a treatment for eclampsia (Baker, 1859). 
Since then, Veratrum has been claSSified into various levels 
of therapeutic effectiveness, even to a state of disrepute, 
due to the erratie results realized with the use of crude 
extracts (U.S. Dispensatory 25th Ed., 1955). Following 
an improvement in the extraction and purification procedures 
by Poethke in Germany (1937) and Jacobs and Craig in the 
United States (1942), the pure alkaloids were made available. 
An examination of the individual alkaloids found them to be 
worthy of clinical trial and later introduction into clinical 
medicine. The increased use of the alkaloids necessitated 
an available supply, and although the individual alkaloids 
are known to be available in other species, they have been 
extracted primarily fro~ the speCies Veratrum virlde and 
Veratrum album. 
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1. Veratrum viride and Veratrum album 
Veratrum v1rlde Alton U.S.P. (1820-1942) N.F. (1942-
1960) is commonly called .nAmerioan False Hellebore", "Corn 
Lilly", "Wild Corn tf , nCow Cabbage", "Corn Cabbage", "Skunk 
Cabbage ", n Itch Weed", and If Indian Poke". Vera trum album 
Linnaeus U. S. P. (1820-1882) is commonly called "White False 
Hellebore" in addition to numerous foreign titles. The two 
species, Veratrum viride and Veratrum album, have been 
included taxonomically in the subgeneric group Alboveratrum 
and are members of the tribe Veratrae of the family 
Lil11aceae. 
The Veratrum v1ride plants exhibit a rather stable 
(uniform) population and are found growing in wet woods from 
the Gulf of St. Lawrence south to Maryland and north-eastern 
Ohio. The biogeographical boundary then is extended farther 
south in high mountain meado~s to south-western North 
Carolina. Veratrum album plants, in contrast, exhibit strik-
ing local exoeptions that have been included into subspecies 
or varieties, album, srandiflorum, and oxysepalum, and are 
found growing throughout Eurasia and Western Alaska (Kupchan, 
Zimmerman, and Afonso, 1961). 
Morphologically, Veratrum viride plants are described 
as herbs that attain a height of 60 to 240 em. and have a 
yellowish-green to green color. They produce numerous 
branched, fibrous, externally dark-colored roots whioh are 
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attached to an erect rhizome that is 3-5 CM. long and 2 cm. 
thick. These plants have stout stems. The stems and the 
leaves, particula~ly on the under side, show pubescence. 
The leaves generally are broad, coarse, plaited, and heavily 
ribbed with acute tips and a broadly elliptical base that 
forms a sheath around the stem. Near the top of the stalks 
the leaves become smaller and narrower. The flowers are 
yellowish-green in color and occur on a panicle of 20-40 cm. 
in length. The fruits produced by these plants are 3-celled 
capsules and contain many broad-winged seeds. The Veratrum 
album plants are described as being similar ,in appearance 
to Veratrum viride plants except that the roots are not 80 
fleshy, the stems are shorter (120 cm.), the leaves are 
smaller, and the pedicles are shorter. Also, the flowers of 
Veratrum album plants have a pale greenish-yellow color. 
For additional 1nformation concerning the general character-
istics (habitat and general morphology) of Veratrum viride 
'-.r' "" 
and Veratrum album, see the reports by Viehoever, Keenan, 
and Clevenger (1921), U.S.D.A. Handbook No. 161 (1960), and 
Kupchan, Zimmerman, and Afonso (1961). 
The histological characteristics of the Veratrum viride 
plants are as follows: 
A transverse section of the rhizome shows, at the periphery, 
a layer of reddish-brown to yellowish-orange cork-like cells. 
Centrally located to the cork cells is the cortex. This 
region consists primarily of (cort1cal) parenchyma cells 
that frequently conta1n raphids of calcium oxalate (averag-
ing between 0.07 and 0.08 Mm. in length) and/or starch 
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grains (single, 2-3 compound). The endodermis, a single 
layer of cells, is characterized 'by tangentlally'and"radially 
thickened cell walls. Finally, the stele that consists 
primarily of perieambial cells is frequently interrupted in 
places as is the endodermis and the cortex by leaf bundles. 
A transverse section of the root shows, at the periphery, a 
layer of epidermal cells that are quadratic to slightly 
radially elongated with curved and thickened outer walls 
and that average about 0.038 to 0.114 Mm. in length. The 
hypodermis consists of a maximum of 3 rows of collenchyma 
cells. The subjacent aerenchyma exhibits radially elongat-
ed parenchyma cells and constitutes one-half of the width of 
the cortex. The parenchyma cells are thin walled and may 
contain starch grains (single, 2-3 compound) or raphids of 
calcium oxalate (averaging about 0.06 - 0.08 Mm. in length). 
The endodermis consists of one row of Slight1Y.li~nified 
cells (averaging about 0.15 to 0.20 ma. in length) that ex-
hibit a U-shaped lumen. Beneath the endodermis there is a 
central cylinder consisting of a pericycle of one to two 
layers of thin walled cells surrounding a polyarch, radial 
fibrovasoular bundle, and a central pith. The radial 
bundle consists of from 8-14 phloem strands alternating 
with an equal number of xylem strands. The pith consists 
of thick-walled cells which are lignified in the mature 
regions of the root. 
The histological characteristics of the Veratrum album 
plants are very similar to those of Veratrum viride with 
only a few notable exceptions. The epidermal cells of the 
root may attain 0.150 mm. in length. The raphid crystals 
may attain 0.066 Mm. in length and average between 0.05 and 
0.06 Mm. in length. Also, the endodermis of the root will 
show a V-shaped lumen. For additional information con-
cerning the histological characteristics of Veratrum viride 
or Veratrum album plants see (Viehoever, Keenan and Clevenger 
(1921), Youngken (1952), and the National Formulary Tenth 
Edition (1955). 
The chemical investigations of Veratrum viride and 
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Veratrum album began in 1820, when Pelletier and Caventou 
isolated an alkaloid (considered to be the alkaloid 
Veratrine, see below Viehoever and Clevenger, 1922) from 
Veratrum album. Since 1820, a large number of studies have 
been undertaken to isolate and identify the active constitu-
ents found in Veratrum plants. The results of these studies 
have shown that the primary pharmacologically active com-
pounds of Veratrum extracts are ester derivatives of exten-
sively hydroxylated natural occurring amines; zygadenine, 
veraceVine, germine, and protoverine. The chemical studies 
were conducted by Simon (1837), Piugnet (1872), Mitchell 
(1874), Wright and Luff (1879), Salzberger (1890), Bredemann 
(1906), Saito, et a1 (1934), Poethke (1937), Jacobs and 
Craig (1945), Fried, at al (1950), Kloha, et al (1952, 1953), 
Stoll and Seebeck (1953), Meyers, et al (1955, 1956), Tomko, 
et al (1957), Tsukamoto and Yagi (1959), Shimizu and Suzuki 
(1959), and Kupchan (1960) among others. For reviews of 
the field see Kupchan (1961) and Kupchan, Zimmerman, and 
Afonso (1961). 
A large number of studies have been conducted in an 
attempt to ascertain the pharmacologic actions of either the 
extracts or the purified alkaloids of Veratrum. The major 
pharmacological response of Veratrum alkaloids in man is a 
reflex fall in blood pressure and a reflex decrease in 
heart rate which together constitute the "Bezold Effect" 
and was first described by Von Bezold and Hirt (1867). The 
~all in blood pressure is a result of a reflex peripheral 
vasodilatation. The site(s) of action for these observed 
circulatory effects is thought to be the carotid sinus 
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and/or the nodose ganglion. Frequently, during the use of 
the Veratrum alkalOids, nausea and vomiting may be encounter-
ed. The nodose ganglion also is thought to be the site of 
action for the emetic response. Besides the circulatory 
and emetic effects, Veratrum alkalOids, in large doses, 
exert a direct central action; whereas in small doses, they 
stimulate vagal receptors in the lung and decrease respira-
tory rate. These alkaloids also produce a secondary 
tetanus in skeletal muscle even after a single stimulus. 
These pharmacological aotions and the structure-activity 
relations of natural and synthetic alkaloids have been the 
subject of numerous investigations (Kobert (1887), Watts 
(1892), Straub (1903), Cramer (1915), Jarisch and Richter 
(1939), Szent-Gyorgyi, Bacq and Goffart (1939), Krayer, 
Wood, and Montes (1943), Stutzman, Simon, and Maison (1951), 
Borison and Fairbanks (1952), Tanaka (1955), Weaver, Jones, 
and Kupchan (1962), and Komalahiranya (1962) and others). 
For further information ooncerning the pharmacology of the 
Veratrum alkalOids, see the extensive review by Krayer and 
Acheson (1946). 
The Veratrum alkaloids are employed in medicine as 
hypotensive agents. They are of particular value as hypo-
tensives in the control of olinical states of primary and 
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secondary hypertension, or hypertension resulting from 
toxemias of pregnancy or certain nephropathies (acute and 
chronic glomerulonephritis or pyelonephritis). The Veratrum 
alkaloids are also of significant value in medicine as a 
laboratory tool in pharmacological and physiological studies 
(Goodman and Gilman, 1955). The limiting factor, however, 
in the clinical use of these drugs is the narrow range 
between the hypotensive dose and the emetic dose. Investi-
gations of the clinical applications of the Veratrum 
alkaloids have been reported by Collins (1918), Wedd (1926), 
Smith, et a1 (1943), FreiS and Stanton (1948, 1949), Wilkins, 
FreiS, and Stanton (1949), Wilkins (1950), Assa1i et a1 
(1949), Mei1man and Krayer (1950), Finnerty and Fuchs (1953), 
and Winsor and Hyman (1961) among others. For a review of 
this field see Hoobler and Dontas (1953). 
The Veratrum alkaloids also have been used as insecti-
cides. Reports concerning their use and relative value for 
this purpose have been published by U.S. Department of 
Agriculture (Farmers Bulletin No. 679, 1915; Bulletin No. 
245, 1915), Hamilton and Gemmell (1934), Jaretzky (1940), 
Fisher (1940), Seiferle, Johns, and Richardson (1942), 
Lundwald (1942), Krupp and Stapenhorst (1952), and others. 
For a review of several of the insecticides derived from 
plants, including Veratrum, see the report by Seiferle and 
Frear (1948). 
2. Veratrum californicum 
The species, Veratrum californicum E. Durand (syn. 
Veratrum speciosum Rydb.), the chief subject of this dis-
sertation, is commonly called "Western False Hellebore", 
It is taxonomically a member of the subgeneric group 
Alboveratrum and of the tribe Veratrae of the family 
Lilliaceaej and, therefore, is related closely to the 
clin1cally useful species Veratrum viride and Veratrum 
album (Kupchan, Zimmerman, and Afonso, (1961). 
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Veratrum californicum is reported to have been found 
growing in all eleven Western States. It is generally 
associated with moist soil as along stream banks and in wet 
meadows primarily in mountainous regions ranging from 5,000 
feet elevation up to timberline. Isolated reports, however, 
indicate that it also may be found above and below these 
limits. In nature, this plant will appear as a predominate 
form and may be seen in extensive patches in mountain 
meadows even to the exclusion of other herbs. Although its 
frequency and abundance have not been quantitated, it is 
considered the most common and most widely distributed 
member of the Western growing Veratrum's (U.S.D.A. Handbook 
No. 161, 1960). Therefore, it could represent a potential 
source of supply of crude drug or Veratrum alkaloids. 
The Veratrum californicum plants are described as very 
stout, perennial herbs that attain a height of 90-180 em. 
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For the most part, their general,appearance a~d morphology 
is similar to that of Veratrum viride plants. However, 
the rhizomes and roots are larger, coarser, and more fibrous 
than those of Veratrum viride. The Veratrum ca1ifornicum 
plants also have large green to yellowish-green leaves that 
may become darker green as the growing season progresses. 
In addition, the flowers appear on a panicle of 30-40 cm. in 
length and are of a greenish-yellow to creamy-white in color. 
Viehoever, Keenan, and Clevenger (1921) concluded that all 
three Veratrum species (viride, album, and californieum) are 
10 closely related that only the leaves and more particular-
ly the inflorescences differ enough to be considered charac-
teristic for a given plant. For further information concern-
ing the general characteristics (habitat and general 
morphology) of Veratrum ealifornicum, see the reports by 
Viehoever, Keenan, and Clevenger (1921), U.S.D.A. Handbook 
No. 161 (1960), and Kupehan, Zimmerman, and Afonso (1961). 
The histological characteristics of Veratrum cali-
forniaum, are very Similar. ' to both Veratrum viride and 
Veratrum album. Only the epidermal cells that attain a 
length of 0.044 mm., the raphid crystals that may attain a 
length of 0.106 mm., and the endodermis of the root that 
exhibits a lumen somewhat between a U- and a V-shape differ 
from the normal characteristics of Veratrum viride. 
Viehoever, Keenan, and Clevenger (1921) studied the histo-
logical characteristics of the three Ve~atrum epecies. 
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They concluded that only the manner of thickening of the 
endodermal cells, the length of the calcium oxalate raphid 
bundles, and the size of the epidermal cells found in the 
rhizomes and roots differed enough to make identification 
possible. They also noted that even these characteristics 
had a tendency to vary and in some instances to overlap. 
These observations are in agreement with those reported by 
Youngken (1952). 
The earliest reported chemical study of Veratrum 
californicum was that of Viehoever and Clevenger (1922). 
Veratrum viride and Veratrum californicum extracts were 
tested with alkaloidal reagents. The color reactions that 
took place suggested that Veratrum v1ride contained 
pseudojervine and Jervine and that Veratrum californicum 
contained rubijervine and protoveratrine. Later, it was 
established that Veratrum viride does contain pseuQojervine 
and jervine as well as a number of other alkaloids (Kupchan, 
1961). More recently, a personal communioation from 
Dr. Klohs, director of Medicinal Chemistry, R1ker Labora-
tories Inc. (1962), summarized their unpublished researoh 
on Veratrum californicum as follows: 
We carried out a brief chemical 
and pharmacological investigation 
of Veratrum californicum in 1951 
on plant material that was collect-
ed in the northern half of Cali-
fornia. We were able to isolate 
the alkaloids veratramine, vera-
trosine, isorubijervine and rubi-jervine but surprisingly no 
detectable amounts of jervine or 
pseudojervine were found. The 
pharmacological screening showed 
the alkaloidal extract to possess 
approximately one fifth the 
hypotensive activity of a similar 
extract of Veratrum viride and 
because of this low order of 
activity we lost interest in this 
species and the research was 
terminated. 
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However, Keeler and Binns (1964), while seeking the 
teratogenic sUbstance{s) in Veratrum ca1ifornicum plants 
harvested from the Utah and Idaho areas, did isolate and 
identify jervine and veratrosine. Thus, the reports of 
Viehoever and Clevenger (1922) and Klebs (1962) substanti-
ate the presence of rubijervine. The reports of K10he 
(1962) and Keeler and Binns (1964) are in agreement as to 
the presence of veratrosine, but there is disagreement re-
garding the presence of jervine. The presence of proto-
veratrine as reported by Viehoever and Clevenger (1922) 
requires confirmation. 
A preliminary report on the pharmacological properties 
of Veratrum californicum (Hanzlick and Ects, 1927) indicates 
that a tincture of Veratrum californicum (obtained at 
CiSCO, California, at 6,000 feet elevation in the Sierra 
Nevada Mountains) elicited typical pharmacodynamic activity 
" 
in dogs, rabbits, pigeons, and frogs. The following dosage 
levels were determined: 
M.F.D. (frogs) ---------- 1.75 mgm./gm. 
body weight 
Effective Dosage by 
I.V. administration 
in pigeons and 
Mammals ----------------- 5.0 mgm./kgm. body weight 
(this effected a slowing in the pulse 
by 50 per cent and a decrease in B.P. 
by 40 per cent) 
Fatal Dose -------------- 37-60 mgm./kgm. 
body weight 
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These authors concluded that the pharmacological actions of 
Veratrum californicum, Veratrum viride, and Veratrum album 
were qualitatively identical. Quantitatively, however, 
Veratrum californicum was less toxic than Veratrum viride 
and more toxic than Veratrum. album. 
Veratrum californieum is reported to have caused toxic 
reaotions in insects and livestock eating the plant material 
(Vansell and Watkins, 1933; Siefer1e, Johns, and Richardson, 
1942; Binns, et al 1962J and others). As a result, the 
toxicity of this plant, especially towards insects, has 
stimulated an interest in the possible utilization of this 
material as an insecticide (U.S.D.A. Handbook 'No. 161, 
1960). However, to date no extensive commercial use of 
Veratrum californiaum has been noted. 
D. Veratrum and Its Environment 
There is surprisingly little information in the litera-
ture on the ecological factors responeible,for the distribu-
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tien, reproduction, ontogeny, morphological characteristics, 
and production or yield of the active constituents of 
Veratrum species. The lack of information is indicated by 
the following quotation from the United States Dispensatory 
25th Ed., pp. 1486 (1955); 
Veratrum viride is more abundant 
northward but reaches as far 
south as Georgia. From May to 
July is the season for flowering. 
It is doubtful whether the rhizome 
should be collected in autumn or just before flowering. 
The statement fails to indicate either the geographical area 
or the time of the year the plant material should be 
collected. Thus, the harvesting requirements have not been 
established fo~ this plant -- a plant whose use in medicine 
antidates recorded American Medicine. 
Because any data that pertains to the Veratrum species 
and their environment may have application to the present 
investigation, a survey of the literature was made. It was 
found that Brown and Jackson (1930) studied the daily and 
seasonal growth rate of the plants, Veratrum speciosum 
Rydberg (a synonym for Veratrum californicum), where they 
occur as the predominate herb form at the edge of a snow-
slide in Oolorado. The authors reported that the rate of 
growth for this plant was greater during the afternoon than 
in the morning and greater during the daytime than at night. 
The average daily (24 hour) increase in growth per plant re-
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corded was 1.19 inches with the greatest average increase 
in growth occurring during the first and second week of the 
life of the plant followed by a decline in rate after the 
fourth week. The plants attained an average height of 50.4 
inches at the onset of blooming and 73.1 inches at the time 
of full bloom. At the time of flowering the average daily 
growth of Veratrum spec10sum was determined to be 1.29 
inches. Although the surrounding environmental conditions 
were noted and recorded Brown and Jackson concluded that 
the rate of growth of this speCies could be correlated only 
in part with meteorological observations. The authors also 
noted that some above-ground growth of this plant took 
place while the soil was still covered with snow. 
Since, as indicated above, Veratrum speciosum is a 
synonym for Veratrum californicu., the above study provides 
an analysis of the growth potential for the plant presently 
under investigation. Certainly, the lack of correlation in 
this study between growth and environment provides additional 
impetus for investigations into environmental effects on 
drug plants. 
The temperamental nature of the Veratrum's is evidenced 
by the fact that the cultural requirements for the germina-
tion of Veratrum seeds are rather exacting. Youngken (1953) 
obtained only an 8 per cent germination rate with seed of 
Veratrum viride left untreated for a period of 11 months • 
. 
Veratrum album seeds under similar' oonditions failed to 
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germinate even after 15 months. When the seeds of Veratrum 
viride were subjected to temperatures in the range of 32-35 
degrees Fahrenheit for a period of two months, a 28 per cent 
germination rate was attained. Taylor (1956) discerned that 
Veratrum seeds (Veratrum viride, fimbriatum Gray, eschschol-
!!!! Gray, and californioum) exhibit a definite winter dor-
mancy and that they require long periods of cold before 
they will resume growth in the spring. Veratrum seeds can 
be stimulated to germinate if they are maintained for a 
period of time in mOist, aerated media at a temperature a 
few degrees above freezing. The temperature and time re-
quirements differed with the species and the locale from 
whioh the samples were taken. Shade is also a necessary 
environmental factor in both the germination ot the seeds 
and in the growth of the seedlings. Although higher germi-
nation rates were obtained by Taylor (22-65 per cent, 
Veratrum viride) than by Youngken (8 per cent for Veratrum 
v~ride), the germination rate was so low that it was im-
practioal to grow Veratrum plants from seed. 
A number.of other factors mitigate against the commer-
cial cultivation of Veratrum. Veratrum seeds do not remain 
viable for periods exceeding one or two years except under 
artificial conditions (Taylor, 1956). It is estimated that 
10 years is required for Veratrum plants to atta1n a size 
suitable for harvest. Finally, production by multipl1cation 
of crowns or rootstock proceeds too slowly and a 10s8 of 
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25-35 per cent in total production may be encountered 
(Taylor, 1956). Thus, Taylor (1956) concluded that com-
mercial cultivation of Veratrum is not practical as long as 
naturally occurring supplies are available. It is import-
ant, therefore, to discover as many natural sources as 
possible. 
A study of the factors which induce optimal growth of 
Veratrum species (Veratrum viride, Veratrum fimbria tum, 
Veratrum eschscholtzii, and Veratrum californiaum) was 
conducted in the Earhart Plant Researeh Laboratories in 
California. It was shown that temperature, particularly 
the seasonal thermoperiod, is a prime factor that governs 
not only the germination of the seeds but a180 the time 
when the plants may be transplanted. It was demonstrated 
also that Veratrum plants muat have a continuous supply of 
water during the summer months. For additional information 
see the publication by Went (1957), Experimental Oontrol of 
Plant Growth. 
Relative to changes noted in the alkaloid concentration 
during the growing season, Taylor (1956 a) has determined 
that if the plants (Veratrum fimbria tum) were collected 
before initial top growth in early spring, the percentage 
ot alkaloids is nearly twice that found in plants obtained 
in early July. The percentage of alkaloids was greater in 
the rhizomes than in the roots with the smallest percentage 
in the leaves. The author did not attempt to relate the 
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differences in the percentage of alkaloids to the environ-
ment due to the degree of variability encountered with 
respect to the size of the samples tested. 
In an analysis of the above-ground portion of Veratrum 
album, Hegi and Fluck (1956) found 4 to 7 alkaloids in the 
leaves and 20 to 21 alkaloids in the roots and rhizomes. 
Generally, however, the same alkaloids we~e found in the 
leaves even though the leaves were of different age and 
from different plants. The quantity of the alkaloids 
within the leaves did vary considerably. Later, Jaspersen-
Sahib and Fluck (1960) reported that the full grown leaf 
contained only 20 per cent of the alkaloid concentration 
of the leaf still in bud form. In addition, the leaves on 
the upper mpst position of the stem contained a signifi-
cantly greater percentage of alkaloids than the leaves in 
the lower positions. 
With respect to the effect of the environment on the 
alkaloid content of Veratrum plants, a number of investigators 
Poethke (1937, 1937, 1938, 1937-9); Saito, et al (1934, 
1936); and Sieferle, et a1 (1942) found marked variations in 
the composition of the alkaloidal mixture in different parts 
of the plants. These variations were attributed to the 
habitat from which the plants were harvested. 
From an investigation of the environmental effects on 
the yield of active constituents in 10 species of wild 
growing plants, including Veratrum album, Fluck (1943) 
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concluded that the content of the active principle is not a 
direct function of the altitude at which the plant is grown. 
However, Shinkarenko and Sunstoma (1957) have reported that 
the Veratrum lobelianum Bernh. plants collected at 1800 
meters to 2000 meters above sea level definitely had "more 
alkaloids". Their analysis showed 0.65-1.86 per cent of 
the alkaloids in the roots, 0.3-1.4 per cent in the leaves, 
and 0.009-1.4 per cent in the stems. The maximum alkaloid 
concentration 1n this investigation was obtained from plants 
harvested during flowering. l 
In a further examination of Veratrum album, Jaspersen-
Schib and Fluck (1960) ascertained that there was only a 
30 per cent variation in alkaloid content of leaves that 
were harvested in the same state of development and from the 
same locality on 4 consecutive years. Also, these investi-
gators found an inverse relationship between alkaloidal 
content and altitudinal level. The above relationship was 
determined by comparing 35 samples of Veratrum album in 
the Swiss Alps and harvested from altitudes between 750 
and 2200 meters. The alkaloid content in the plants col-
lected below 1200 meters was twice that of the plants 
collected above 1200 meters. 
1. Additional information concerning this report can not 
be provided since it was impossible to obtain an original 
oopy_ This information was taken from Chemical Abstracts, 
Vol. 53, No. 16292 h, for the year 1957. 
An analys1s (Tomko, et a1, 1962) of extracts obta1ned 
from Veratrum album ssp_ lobe1ianum plants taken from the 
Little Fatia area of the Carpathians yielded the alkaloids 
protoveratrine A, germitetrine, and veratroy1zygadenine. 
Whereas, the same plants taken from the East Beskiden area 
in the Carpathians yielded only amorphous bases. Again, 
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the alkaloidal variation was attributed to the different 
ecological conditions in the stations where the plants grew. 
Whether or not the aforementioned studies provide a 
clue to the nature of the drug plant under study is yet to 
be determined. The above studies, however, definitely 
111ustrate the need for additional invest1gations of the 
relation between the plants active constituent content and 
its environment. 
F. Statement of the Problem 
Despite the fact that the Veratrum extracts and/or 
alkaloids have been employed in medioine for a long period 
of time, and despite the fact that there is a recent re-
newal of practical and theoretical interest 1n the Veratrum 
alkalOids, there is little information available concerning 
the ecology and harvesting requirements for this drug plant. 
More particularly, there has been little effort directed 
towards an explanation of the quantitative and qualitative 
differences in the active constituents of the Veratrum's 
even though the variations arbitrarily have been attributed 
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to environment. 
In view of the paucity and disagreement of information 
relevant to the relationship of the Veratrum species to 
their environment, it was thought that a critical examina-
tion of one of the Veratrum species growing indigenously 
in the mountainous areas of Utah would yield worthwhile 
information. Veratrum californiaum was the natural 
selection because it grows at a wide range of altitudinal 
levels. The purpose of this investigation would be to 
determine the extent of variation in the yie14 of alkaloids 
from Veratrum californicum plants harvested from sites 
located at different altitudes and to relate the variations 
in yield to the environment (temperature, soll character-
istics, and moisture) of the sites. 
As an additional stimulus for this investigation, it 
was learned that the University of Utah College ot Pharmacy, 
because of its prime location in a mountainous region, had 
been challenged with the responsibility of attempting to 
establish generally the relative value of altitude in the 
production of quality medicinal plants. This mandate was 
extended in 1953 by a group of Phar~acognocists attending 
an annual meeting of the National Plant Science Seminar. 
The meeting was devoted primarily to a discussion of the 
effect of the enVironment, and more particularly altitude, 
on drug plants. It was concluded that not enough informa-
tion was available concerning altitude and drug plants to 
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make accurate predictions or generalizations on production 
and harvesting and that further studies were needed. The 
College of Pharmacy at the University of Utah was suggested 
as the natural geographical location for such studies. As 
an addendum, the late Heber W. Youngken Sr. suggested the 
possible use of such indigenously growing plants as veratrum, 
rhubarb, and ephedra in the experiments. Since that time, 
the relative value of altitude in the production of rhubarb 
has been investigated and found to be of significant import-
ance (Workman, 1960). Ephedra is yet to be concluded. 
The experiments to be described were designed to 
examine under field conditions the relation of the environ-
ment encountered at different altitudes to the concentra-
tion and distribution of the active constituents in 
Veratrum californicum, a plant that is indigenous to Utah. 
II. GENERAL PROCEDURES 
The plant under investigation, Veratrum californicum,l. 
was studied in its natural habitat. The study, necessarily, 
was limited to an examination of two selected sites. These 
sites were selected because they appeared to represent a 
normal habitat for the plant. Also, these sites were 
selected for their striking similar~ty, one with the other, 
and for exhibiting the following specified conditions; 
1) The sites were somewhat secluded, 
a condition that was required for 
some instrument determinations; 
2) The sites exhibited similar 
drainage and shade cQndltlonsj 
and 
3) The sites differed by at least 
one thousand feet in elevation. 
The sites selected for this investigation of Veratrum 
californicum are located in the Wasatch National Forest of 
Utah and may be described as follows: 
SITE NO.1 (Lower) The lower site 
is located 14 miles by road from 
Kamas, Utah, east and north on 
State Highway No. 150 towards 
Mirror Lake and Evanston, Wyoming, 
adjacent to the Soapstone Ranger 
Station. The site is also located 
at the confluence of the Provo 
1. Voucher Specimens are located in The Author's personal 
Herbarium. 
River and Soapstone Creek. It 
is on a north-facing slope and 
at an elevation of 7800 feet a-
bove sea 1evel. 
SITE NO. 2 (Upper) The upper site 
is located 4, miles by road south 
from the Soapstone Ranger Station 
towards Soapstone Mountain and 
State Highway No. 35, the Francis-
Nobletts Ranger Station-Wolf Creek 
Pass Road; thence 4! miles east into 
Potts Hollow and along Soapstone 
Creek. This site is on a north-
facing slope and at an elevation of 
9400 feet above sea level. 
During the summers of 1961 and 1963, beginning with 
the disappearance of snow and extending until after the 
first frost or snow 1n the fall, the macroenvironment of 
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the above mentioned sites was studied and recorded. This 
investigation was conducted as follows: 
1) The temperature was recorded 
throughout the summer period; 
2) The precipitation was collected 
and recorded throughout the 
same period; and 
3) Soil samples were taken, as 
deemed necessary, to determine 
the condition and characteristics 
of the soil. 
Concomitant with the environmental study of the sites, 
a harvest of Veratrum californicum was made for laboratory 
analysis. The Veratrum plants harvested had not been 
cultivated in any manner. Though Veratrum plants prefer 
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moist conditions, the plants harvested were in all cases 
located approximately one quarter of a mile from any form 
of visible surface water (~. stream, river, or lake). 
Thus, these plants received water only in the form of 
underground seepage or precipitation. 
The primary harvest was conducted during the Bummer 
of 1961. However, since it CQuld be anticipated that the 
alkaloid content may vary from year to year, a harvest of 
plants was made on an alternate year, 1963. Preliminary 
data from earlier collections indicated that the optimum 
time for another harvest would be during the flowering 
process. Thus, a second, single harvest was made during 
the summer of 1963 and included plants with and without 
flowers. This second harvest was made from the same sites 
as in the 1961 collection and in the same manner. 
The Veratrum californicum plants were harvested when 
they reached the same age according to their macroscopic 
morphology. Thus, five different collections were made 
according to the following schedule: 1) initial spring 
growth, 2) initial bud formation, 3) flowering, 4) seed 
formation, and 5) not exhibiting bud, flower, or seed. 
Because it has been found that only about half of the plants 
exhibit any bud formation and eventual seed formation 
(Went, 1957), collection number 4 and number 5 were made 
simultaneously. This was done in order to compare the 
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plants with and without flowers. 
The collection schedule used in the harvest of Veratrum 
californicum plants and the associated time periods at which 
the collections were made are outlined below. 
COLLECTION SCHEDULE 
NUMBER COLLECTION TIME 
1- Approximately 15 days 
after the disappearance 
of snow 
2- During bud formation 
3- During flowering 
4- During seed formation 




--To-June l5--To-June 25 
(the-ratter dates may vary 
somewhat from year to year) 
From-June 15 From-June 25 
--To -July 10--'1'0 -July 15 
From-July 15 From-July 20 
-To-July 25--'1'o-Jul1' 30 
- or Aug. 10 
From-July 25 From-July 30 
--To-Aug. 30--,To-Sept.lO 
";,.-
(Same as number 4) 
Each harvest of Veratrum californiaum was conducted 
under, as nearly as pOSSible, the same conditions. No 
harvest was made on a day immediately following or during a 
rain storm or when there was a measurable amount of pre-
cipitation. In addition, the plants were harvested between 
the hours of 9:00 A.M. and 12:00 noon. 
The plants were harvested from each of the sites 
according to a randomized design. In turn, the plants from 
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each site were again randomly segregated into one of three 
intra~site groups. The sites were divided into intra-site 
groups in order to facilitate an intra-site comparison. 
For each intra-site group, an average of 15 plants were 
taken. 
The entire plant was harvested. They were removed by 
manual digging or grubbing from the soil. Each plant was 
immediately subdivided into roots, rhizomes, underground 
portion of the stock, and budding, flowering, or fruiting 
tops. The underground portion of the plants were washed to 
remove adhering dirt and debris and the parts were further 
subdivided to hasten drying. All clean plant parts were 
laid out in single layers protected from direct sun light 
and allowed to dry at room temperatures until it had been 
determined that no further weight loss occurred. The 
measured temperature ranged from 35 degrees centigrade in 
the early stages of drying to 20 degrees in the later stages. 
As soon as the plant material was conSidered dry, it was 
subjected to manual garbling and ml11ing in a Wiley Mill 
to a number 40 powder. The powder was then placed in dark 
green, glass bottles and stored in a cool dark place to 
await extraction and analysis. 
III. THE ANALYSIS OF VERATRUM 
CALIFORNICUM 
A. Introduction 
Several biological assays have been suggested for use 
in the analysis of crude Veratrum extracts, alkaloidal 
fraotions, or the purified alkaloids derived therefrom. 
The minimum-lethal-dose measurement in frogs (Houghton and 
Hamilton, 1905) (Pilcher, 1917), the minimum-lethal-dose 
measurement 1n white m10e (Rowe, 1925) (Swanson and 
Hargreaves, 1930), and the minimum-lethAl-dose measurement 
in Daphnia magna whien resulted in the flCraw Unit" (Craw 
and Treloar, 1951) (Viehoever and Cohen, 1939) (Meyer and 
Greenburg, 1950) have been employed. Aleo, assays based 
on emetic-dose response in pigeons (Christensen and 
MacLean, 1936, 1939), the decrease in response to the 
carotia sinus pressor reflex in dogs (O'Dell, 1952) (Rubin 
and Burke, 1952) and hypotensive action in anesthetized 
dogs (Maison and Stutzman, 1951) (Chen and Russell, 1953) 
have been used. Modifications of these methods also have 
been employed as in the case of the measurement of hypo-
tension induced in unanesthetized dogs (Weaver, Jones, and 
Kupohan, 1962). For a historical outline of the biologioal 
assays deSigned to test Veratrum extracts or alkaloids see 
the report of Maieon and Stutzman (1951). 
The chemical assays of the veratruma have been restrict-
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ed to gravimetric measurements of the extractable alkaloid-
al fractions. Variations of this procedure have been 
described and used by LaWall (1897) and by Viehoever and 
Clevenger (1922). In addition, this method of analysis 
has received offioial recognition. The Swiss Pharmacopoeia 
(Pharmaeopoea Helvetica) Edition Franyaise (Drug No. 755, 
page 878, Berne, 1949) lists the gravimetric method of 
analysis of the alkaloid extract as the official assay for 
Veratrum album. 
Although a chemical method of analysis has been re-
cognized officially, no one method, biological or chemical, 
has found general acceptance. This is explained more 
emphatically by the following quotation from the United 
States Dispensatory 25th Ed., page 1488 (1955): 
No method of assay of Veratrum 
viride is commonly accepted, 
though many methods have been 
proposed and are used by 
individual groups of investi-
gators. The need for an accept-
able method of assay is obvious, 
not only for the purpose of 
evaluating different lots of 
the drug but also to learn more 
about its stability concern~ng 
which there is some question. 
Thus, the veratrum products or alkaloids have been assayed 
by any method suitable to the desires of the investigators 
and the purpose of the examination. 
In the analysis of Veratrum californicum, the use of a 
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biological assay was proposed to quantitate the variation of 
the physiologically active alkaloids within the plants test-
ed. Because quantitative and qualitative variations in the 
alkaloids were anticipated, it was necessary to test an 
extract for total alkaloids. After a survey of the methods, 
no one biological method was considered to be sensitive 
enough to test for the variations expected in the total 
alkaloid extract. Therefore, it was decided to use a 
chemical assay. The assay procedure most applicable and 
the one selected was a gravimetric measurement ot the 
total alkaloid. extraotable from Veratrum californicum 
by means of a soxhlet apparatus using chloroform as the 
solvent. 
B. Methods 
The analYSis of Veratrum californ1cum was conducted as 
follows: a 10.00 gram (gm.) sample of the dry powdered drug 
was placed 1n a 150 m1llileter (ml.) beaker to which was 
added 40-60 mls. of chloroform. The drug-chloroform slurry 
was stirred periodically during a one hour period. At the 
end of one hour, 30 mls. of dilute ammonium hydroxid~ 
solution was added to the slurry. Addit10nal chloroform 
was added as needed to replace that portion lost through 
evaporation. The slurry was stirred again periodically 
and then allowed to stand tor 24 hours. 
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At the end of 24 hours, the slurry was transferred to 
a soxhlet extraction thimble. The transfer was completed 
by making several washings with chloroform until 100 mls. 
of additional chloroform had been added to the soxhlet 
extractor and/or flask. The soxhlet apparatus was setup 
and the flask was heated by means of an electrical heating 
mantle to a temperature near but not exceeding 70 degrees 
centigrade. The extraction was continued for 24 hours at 
the rate of approximately 1 emptying of the soxhlet every 
15 minutes. 
At the end of the extraction period, a chloroform 
sample was taken from the soxhlet extractor and tested for 
the presence of alkaloids with Wagner's Reagent (iodine-
potaSSium iodide test solution) and Mayer's Reagent 
(mercuric-potassium 10dide test solution). If the test 
was negative, then the alkaloids present in the chloroform 
extract were purified by selectively removing them from the 
chloroform solution by washing the solution 5 times with 
25 mI. portions of a dilute sulfuric acid solution or until 
the dilute sulfuric acid washings produced a negative 
alkaloid test with Wag~erls and/or Mayer'S Reagents. The 
alkaloids were purified further by again making them basic 
and selectively returning them to a chloroform solution. 
This was accompliShed by add1ng to the dilute sulfuric 
acid solution or the alkaloids suffioient dilute ammonium 
hydroxide solution to make the resultant solution basic 
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with a pH of approximately 9, not les8 than 8.5 and not 
more than 9.5. Then, the basic solution was washed 5 times 
with 25 mls. per washing of chloroform or until the washings 
produced a negative alkaloid test with Wagner's and/or 
Mayer's Reagents. 
The chloroform solution of the alkaloids was evapo-
rated down to approximately 50 mls. To the chloroform 
solution was added 3 gm. of anhydrous sodium sulfate to 
remove any moisture that was present and then the chloro-
form solution was filtered into a 100 mI. volumetric flask. 
The transfer was completed by making additional washings 
with chloroform until the liquid level was brought up to 
the mark (100 mls.). 
From the volumetric flask, 25 mls. of the chloroform 
solution was pipetted into a tared weighing pan. The 
chloroform was evaporated in an oven at a temperature of 
110 degrees centigrade. The pan then was cooled and weighed. 
In this manner, the root and rhizome samples of Veratrum 
californicum were analyzed. The results were calculated to 
read as the number of gra.ms (per cent) of alkaloidal base 
extracted from 100 grams of dry, powdered, orude plant 
material. The results then were recorded and tabulated to 
facilitate statistical analysis. 
The initial statistical ana.lysis was conducted to 
determine if true variation existed in the per cent of 
alkaloids extracted from plants which were harvested during 
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the summer of the year 1961 as compared to 1963. The 
results were pooled for each of the years and were analyzed 
by means of a completely randomized design of an analysis 
of variance. 
The analytical results then were tabulated according 
to the time of harvest -- Collection No.1, 2, 3, 4, or 5. 
A statistical test was made to determine if true variation 
existed in the number of grams of alkaloids extracted from 
the plants harvested at different times during the growing 
season of 1961. The statistical test was the completely 
randomized design of an analysis of variance. Separate 
tests were conducted for each of the altitudinal levels. 
Lastly, a statistical analysis was made to determine 
if true variation existed in the number of g~am8 of alka-
loids obtained from the morphological parts, the roots as 
compared to the rhizomes. The data were pooled in such a 
manner that variation within a site (Intrasites A, B, or 
C) eould be determined simultaneously. This test was made 
with the completely randomized design of an analysis of 
variance with a 2 x 3 factorial arrangement of the data. 
A separate test was conducted for each of the altitudinal 
levels and for each of the years. 
In all of the above statistical analyses, an F value 
was calculated. The calculated F value was compared with 
the table values for F (Snedecor, 1959) (Simpson, et aI, 
1960) at a probability level of P= 0.05 for a one-sided 
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test to determine the significance of the analysis. 
C. Results 
The results of the statistical evaluation of the 
gravimetric analysis of the total alkaloids extracted from 
Veratrum californicum plants are summarized in Tables No.1 
through 7. Each table represents the results of a statisti-
cal analysis. 
In Table No.1, it may be seen that there was no 
significant difference in the alkaloidal yield of tbe plants 
harvested during the summer of 1961 as compared to 1963. 
Although the yields were not significantly different, the 
mean yield obtained from plants harvested in 1963 was some-
what larger than that obtained from plants harvested in 1961. 
It may be seen in Table No. 2 that the average alka-
loidal yield of the plants taken in Collection No. 2 (during 
bud formation) was Significantly different from the average 
.alkaloidal yield of the other collections. The plants that 
were involved were harvested from the Lower Site during the 
summer of 1961. It was not known in the preliminary stages 
of the statistical evaluation of the times of harvest 
(Collection No.1 through 5), which sample(e) was responsi-
ble for the significant variation that was realized. Thus, 
in order to establish which sample(s) was significantly 
different, the 95 per cent confidence limits were calculated 
for each of the samples. With these statistical limits, it 
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became apparent that the mean alkaloidal yield of Collection 
No. 2 was different from the mean alkaloidal yield of the 
other collections. Therefore, the Collections No.1, 3, 4, 
and 5 were compared to determine if true variation existed 
within these samples. The results of this analysis showed 
that no significant variation existed within those col-
lections. Then the Oollections No.1, 3, 4, and 5 were 
pooled and tested against Collection No.2. A significant 
difference was obtained. Thus at the Lower Site, the time 
of harvest was of significant importance. Conversely, at 
the Upper Site (see Table No.3) there was no significant 
variation found in the alkaloid yield of the plants which 
were harvested at different times during the growing season. 
In order to express more quantitatively the relation 
of growth to alkaloidal yield, the average alkaloidal yield 
of the plants per collection period and altitudinal site 
are given in graph form (see Figure No.1). From the 
graph, it may be seen that the plants from both altitudinal 
levels gave a higher yield of alkaloids at the time of bud 
formationl however, only Collection No.2 from the'Lower 
Site was Significantly different. Also, the graph illus-
trates the relatively higher yields of alkaloids that were 
received from the plants from the Upper Site. 
A significant variation also was found in the alka-
loidal yield of the morphological parts of the plants (roots 
VB. rhizomes). However, the variation occurred only in 
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those plants harvested from the Lower Site during the summer 
of 1963 (see Table No.6). No variation was found in the 
alkaloidal yields of the morphologioal structures of the 
plants harvested from the Upper Site during 1963 nor of the 
plants harvested during the summer of 1961 (see Table No. 
4,5, and 7). 
Lastly, the results of the statistical evaluations 
of the intra-site groupings (Intrasites A, B, and C) that 
were made concomitant to the statistical analysis of the 
morphological structures are shown in Tables No.4 and 5. 
In these tables, it may be observed that no significant 
variation was found in the alkaloidal yield of the plants 
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* Not Significant 
Mean Weight Standard Error 
(gms./lOO gms.) 
1.4625 ± 0.0513 
1.5346 t 0.1426 
Sums Calculatec 
of Mean F" 
Squares Squares Value 
17.121 




YIELD IN GRAMS, PER CENT DRY WEIGHT, OF ALKALOIDS EXTRACTED 
FROM VERATRUM CALIFORNICUM PLANTS HARVESTED ON FIVE OCCASIONS 
FROM SITE NO. 1 (LOWER) DURING THE SUMMER OF 1961. 
Samples Tested Mean Weisht Standard Error (gms./foo gms.) 
Year 1961 
Site No. 1 (Lower) 
Collection No. 1 
Collection No. 2 
Collection No. :3 
Collection No. 4 
Collection No. 5 
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ymLD IN GRAMS, PER CENT DRY WEIGHT, OF ALKALOIDS EXTRACTED 
FROM VERATRUM CALIFORNICUM PLANTS HARVESTED ON FIVE OCCASIONS 
FROM SITE NO. 2 (UPPER) DURING THE SUMMER OF 1961. 
Samples Tested 
Year 1961 
Site No. 2 (Upper) 
Collection No. 1 
Collection No. 2 -
Collection No. 3 
Collection No. 4 -
Collection No. 5 









* Not Significant 



































Figure No.1. The mean yield in grams, per cent dry 
weight, of alkaloids extracted from Veratrum californicum 
plants harvested from two altitudinal sltes on rive 
occaSions during the growing season of the summer of 1961. 
The figures are taken from Table No. 2 and Table No.3. 
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TABLE No.4 
YIELD IN GRAMS, PER CENT DRY WEIGHT, OF ALKALOIDS EXTRACTED 
FROM DIFFERENT MORPHOLOGICAL PARTS OF VERATRUM CALIFORNICUM 
PLANTS HARVESTED FROM THREE LOCATIONS WITHIN S!'l'E NO. 1 
(LOWER) DURING THE SUMMER OF 1961. 
Samples Tested Mean Weight (gma.f100 gms.) 
Standard Error 
Year 1961 
Site No.1 (Lower) 
Roots - Intras1te A -
Intras1te B -
Intrasite C 
Rhizomes - Intrasite A -
Intrasite B -
Intrasite C 









Parts (roots,rh1zomee 1 
Between 
fntras1tes 
A, B, C) 2 
Interact10n 2 
Error 24 










































ymLD IN GRAMS, PER CENT DRY. WEIGHT, OF ALKALOIDS EXTRACTED 
FROM DIFFERENT MORPHOLOGICAL PARTS OF VERATRUM CALIFORNICUM 
PLANTS HARVESTED FROM THREE LOCATIONS WITHIN SITE NO. 2 (UPPER) DURING THE SUMMER OF 1961. 
Samples Tested Mean Weight (gms./lOb gms.) Standard Error 
Year 1961 
Site No. 2 (Upper) 
Roots - lntrasite A 
Intrasite B 
Intras1te C 
Rhizomes - Intrasite A -
Intrasite B -
Intrasite C 












Intrasites (A, B, C) 2 
Interaction 2 
Error 24 










































ymLD IN GRAMS, PER CENT DRY WEIGHT, OF ALKALOIDS EXTRACTED 
FROM DIFFERENT MORPHOLOGICAL PARTS OF VERATRUM CALIFORNICUM 
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Since little was known about this plant species at 
the onset of this investigation, it.was necessary to elimi-
nate the possibility that any variation found in the 
alkaloidal yields of the plants was not the result of other 
more significant variations. This was done by harvesting 
plants on two alternate years, on different occasions 
throughout the growing season, and by analyzing some morpho~ 
logical structures of the plants. 
No significant variation was found in the alkaloidal 
yield of the plants harvested in 1961 as compared to 1963 
(Table No.1). Because of the slight difference in the 
mean yields, a furtber examination was made of the analyti-
cal results according to the location from which the plants 
were harvested (Lower Site and Upper Site). There was a 
21 per cent increase, the greatest difference realized, in 
the average per cent alkaloidal yield obtained from the 
plants harvested at a single location (the Upper Site) in 
1963 with respect to 1961 (see Tables No.8 and 9). This 
inorease in alkaloid content of these plants is. less than 
and compares favorably with the 30 per cent variation found 
in the alkaloid content of the leaves of Veratrum album 
plants harvested from a single loeation over four consecu-
tive years by Jaspersen-Schib and Fluck (1960). Though 
environmental conditions may vary from year to year, the 
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results of this analysis indicate that the environment in 
which the plants grew in 1961 as compared to 1963 was not 
significantly different. 
A significantly higher alkaloidal yield was obtained 
from those plants which were harvested at the Lower Site 
during bud formation, Collection No.2 (Table NO.2). The 
results are in contrast to the peak yield of alkaloids 
found in the early spring in Veratrum fimbriatum (Taylor, 
1956 a). Apparently, this variation found in Veratrum 
californiaum plants is not associated with altitude since 
it may be seen in Figure No. 1 that plants from both sites 
concomitantly gave evidence of a trend toward higher yields 
of alkaloids at the time of Collection No.2. Therein, 
the variation is most likely associated with natural 
internal variation in the plant related to flowering or 
seed produqtion and/or with regular variations in the 
environment throughout the growing season. 
Variation also was found in the alkaloid content of 
the morphological structures of Veratrum californicum 
plants (Table No.6). In particular, the variation was 
found only in those plants harvested from the Lower Site 
during 1963. This variation would seem to be an anomalous 
situation in view of the results obtained with the other 
samples (see Tables No.4, 5, and 7). Yet variations in 
alkaloidal yields in the morphological structures have been 
observed in other Veratrum species by Saito, et al (1936), 
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Poethke (1937-9), Seiferle, Johns # and Richardson (1942), 
Taylor (1956 a), and Hegi and Fluck (1956). Therefore, 
this variation in alkaloidal yield is not an unusual situ-
ation but it does raise the question as to whether or not 
this is an expression of the environment at that site prior 
to and at the time of harvest. 
No intrasite variation was found in the alkaloidal 
yield of the plants at either the Lower Site or at the 
Upper Site during either of the years. Certainly, without 
alkaloidal variation within groups of plants from a given 
Site, any variations in the alkaloidal yield of the plants 
from different sites or from different altitudes would 
become more prominent and possibly more susceptible to 
critical evaluation. 
In retrospect, significant variations were found in 
the alkaloidal yield of the Veratrum californicum plants 
relative to the time of harvest and the morpho1ogieal 
structures of the plants. Certainly, many factors may 
have been responsible for these variations. However, it 
is reasonable to assume that the primary factors responsi-
ble for these variations were the hereditary characteristics 
of the plant and/or the environment (see above Fluck, 1955). 
Accordingly, the environment in which the plants grew was 
measured. The results will be given and analyzed in the 
following pages in order to determine the relation between 
environment and alkaloidal yield of the Veratrum californicum 
plants. 
IV • THE RELATION OF THE ENVIRONMENT 
TO '!'HE TOTAL ALKALOID CONTENT 
OF VERATRUM CALIFORNICUM 
A study of the environment of a drug plant is general-
ly enhanced by the simultaneous investigation of the indi-
vidual factors Of that environment. The individual factors 
that are of foremost interest are those that are most 
likely to alter the yield of active constituents by a drug 
plant. Relative to the analysis of Veratrum californicum, 
it was thought that an examination of the soil and climate, 
as temperature and mOisture, would yield information that 
would be of value in this investigation. 
A. The Soil 
1. Introduction 
The nature of the Boil and its relationship to plant 
growth and development have been described adequately in 
numerous textbooks (Bonner and Galston, 1959; Meyer and 
Anderson, 1952; Oosting, 1956; among others), books 
(Russell, 1950; Black, 1957; Comber, 1960; among others), 
and scientific publications (see the reviews by Fluck, 
1954; and Gardener, 1965) devoted to this area of interest. 
Needless to say, the soil represents an environmental 
factor of primary concern. Because the soil is the 
source of nutrition and water for land plants, it may be 
expected to significantly effect the active constituent 
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content of a plant~ Yet in a review by Fluck (1954), it 
was ooncluded that the variation in active constituents 
due to the soil is only on rare occasions higher than 100 
per cent with the usual variation not over 40 per cent. 
More frequently, the yariation is less than 20 per cent. 
For further details, see the review of the influence of 
the soil on the assay of active constituents by Fluck 
(1954). 
Irrespective of the low orde~ of influence by the 80il 
on the active oonstituent content of plants, the 80il 
continues to represent a variable environmental factor. 
Though the edaphology of drug plants 1s complex, a measure 
of the major characteristics of the soil can be of value in 
estimating the pedalogic parameters for a given location 
and the response to be expected from the plants found grow-
ing there. Therefore, it was thought of value to examine 
some of the factors for the Boils found at the altitudes 
seleoted. 
Because there are many ways of measuring and present-
ing data concerning the plant-soil relation, in this study 
the methods used, the factors to be tested, and the methods 
of presentation were selected on the premise that they best 
serve as a means of comparison and because they represent 
what appear to be standard procedures. The experiments to 
be described are attempts to correlate soil characteristics 
with the alkaloid content of Veratrum californicum and to 
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test the hypothesis that the soil characteristics do vary 
with the altitudinal levels at which Veratrum californicum 
was studied. 
2. Methods 
The slope of the sites was determined. 
At each site where Veratrum californicum plants grew 
and were harvested, the slope of the soil surface was deter-
mined. The measurement was made to determine the relative 
drop in inches in 10 foot increments of horizontal distance 
from the highest point in the area in which the plants grew. 
Replicate measurements were made throughout each area using 
the same point of orlgin. The results were expressed as the 
drop in inches of the soil surface per ten feet. The re-
sults were recorded and tabulated to facilitate the proper 
statistical analysis. 
The data was statistically analyzed to determine if 
true variation exlsts in the slope of the ground at one 
site as compared to the other (Lower Slte vs. Upper Site). 
The analysis was made by means of the completely randomized 
design of an analysis of variance. 
Soil Samples were taken. 
At each site, 12 solI samples were taken. Of the 12 
samples, 6 were taken at the rhizome level of the plant, 
Veratrum californicum, and 6 from the root level. All 
samples were taken from within the areas from which the 
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plants were harvested. After the samples were taken, the 
soil was placed in containers, sealed tight, and removed to 
the laboratory where the following analyses were conducted. 
The composition of the Boil was determined. 
The composition of the soil was determined mechani-
cally with the use of the Bouyoucos Soil Hydrometer. This 
was done 1n the following manner: A 50 gm. sample of 
screened 80i1 was placed in a Waring Blender with a~proxi­
mately 300 m1. of distilled water and 5 mls. of (1) normal 
sodium hexametaphosphate. The mixture was blended for five 
minutes, allowed to stand ten minutes, and then blended 
again for five minutes. The resultant suspension was poured 
into the graduated cylinder containing the hydrometer and 
was brought up to the (1) liter ~rk by the addition of 
distilled water. The total suspension was agitated and a 
hydrometer reading was made. One hour later, another read-
ing was made. After corrections for temperature, the 
percentage's of sand, silt, and clay were calculated. The 
results were recorded, tabulated, and statistically analyzed. 
A statistical analysis was conducted to determine if 
true variation exists in the per cent of sand, silt, or 
clay a~ the altitudinal sites (Lower Site VB. Upper Site) 
studied. The statistical test used was the completely 
randomized design of an analysis of variance. 
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The ~H of the soil was determined. 
The pH of the soil was measured potentiometrically 
with a Beckman (Expanded Scale) pH meter. A 20 gm. sample 
of an air dried soil sample was mixed with 20 mls. of 
distilled water in a 50 mI. beaker. The slurry was stirred 
at 10 minutes intervals for one hour. The pH meter was 
standardized against a standard buffer solution at pH of 
7. The electrodes of the pH meter then were placed in the 
slurry and the pH of the sample read directly from the meter 
to the nearest 0.1 pH unit. The results were recorded and 
tabulated for statistical analysis. 
The initial statistical analysis was conducted to 
determine if true variation exists in the pH of the 80il 
at the different altitudinal levels studied (Lower Site vs. 
Upper Site). The test was made by means of a completely 
randomized design of an analysis of variance. In addition, 
statistical tests were made to determine whether or not 
true variation exists with regard to the depth (root level 
VB. rhizome level) at which the sample was taken at a given 
site. A separate analysis was made for each of the 
altitudinal sites. The statistical tests were made by means 
of a randomized block design of an analysis of variance. 
The nitrate-nitrogen content of the soil was determined. 
The soil nitrogen in the form of nitrate was determined 
by means of a modified spectrophotometric procedure of 
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Snell and Snell (1949) that was reported by Robinson, Allen, 
and Gacoka (1959). The analysis was conducted as follows: 
First, extracts of the soil samples were made by mixing 
1.5 grams of screened 80i1 with 26 m1s. of dilute acetic 
acid solution, shaking for 1 minute, letting stand for 30 
minutes, and then filtering. Secondly, 2 m1s. of an ex-
tract was mixed in a test tube with 1 drop of a 2 per cent 
wlv solution of su1famic acid and 0.5 mI. of a 5 per cent 
wlv solution of brucine in glacial acetic acid. To the re-
sultant mixture was added 4 m1s. of concentrated sulfuric 
acid. The test tube was swirled. Four minutes from the 
time that the sulfuric acid was added, the mixture was 
poured into' spectrophotometric test tubes. One minute 
later, at five minutes, the test tube was entered into a 
Bausch and Lomb "Spectronic 20" and the optical density 
(O.D.) read directly from the scale at a setting of 454 ~. 
The zero point was calibrated with a solution containing 
all of the reagents in their respective proportions with 
the exception of the soil extract which was replaced with 
2 m1s. of dilute acetic acid. In this manner the nitrate 
content of the extracts of each of the soil samples was 
analyzed. The results were transposed to parts-per-
million (p.p.m.) nitrate-nitrogen by means of a pre-
established standard curve created by using respectively 
0, 2, 4, 6, 8, and 10 p.p.m. standard sodium nitrate 
solutions. The resultant data were recorded and tabulated 
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for statistical analysis. 
The results were statistically analyzed to determine 
if true variation exists in the nitrate content of the 
soil with respect to the depth (root level vs. rhizome 
level) at which the sample was taken or with respect to the 
altitudinal site (Lower Site VB. Upper Site) from which the 
samples were taken. The statistical analysis was made by 
means of a completely randomized design of an analysis of 
variance with a 2 x 2 factorial arrangement of the data. 
The moisture content of the soil was determined. 
The moisture present in the soil was determined by 
weighing in a tared weighing pan approximately 10 gms., of 
a freshly dug, screened soil sample. The soil sample then 
was dried to a constant weight in an oven at a temperature 
of 110 degrees centigrade, cooled, and reweighed. All 
weighings were made to the nearest milligram. The loss in 
weight represented the amount of mOisture in the soil. 
This value was calculated to read as, the number of gmB. of 
wa~er (per cent) in 100 gmB. of soil. The results of this 
analysis were recorded and tabulated to facilitate proper 
statistical evaluation. 
A statistical test was conducted to determine if true 
variation exists in the per cent of moisture present in the 
soil according to the year (1961 VB. 1963) in which the 
samples were taken. Similarly, tests were made to determine 
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whether or not true variation exists in the per cent of 
moisture present in the soil according to the altitudinal 
level (Lower Site VB. Upper Site) at which the samples were 
taken. Separate tests were made for each of the years 1961 
and 1963. In each of the aforementioned statistical tests, 
the analysis was made by means of the completely randomized 
design of analysis of variance. 
Statistical tests also were made to determine if true 
variation exists according to the depth (root level vs. 
rhizome level) at which the samples were taken or within 
the samples from a given site (Intrasite). In each case, 
separate tests were made for each of the altitudinal sites 
(Lower Site and Upper Site) according to the year, 1961 or 
1963. Each of the statistical tests were made by means of 
a randomized block design of analysis of variance. 
In all of the above statistical analyses, an F value 
was calculated. The calculated F value was compared with 
the table values for F (Snedecor, 1959) (Simpson, et aI, 
1960) at a probability level of P=O.05 for a one-sided test 
to determine the significance of the analysis. 
3. Results 
The results of the statistical evaluations of the 
surveys and the laboratory analyses of the 80i1 at the sites 
where the Veratrum californiaum plants grew and were harvest-
ed are summarized in Figures No.2 through 6. The graphs 
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illuetrate the relation of the values received from each 
type of analysis. 
The results of the measurements made on the elope of 
the sites, under investigation, are given in Figure No.2. 
The slope of the Lower Site was found to be not signifi-
cantly different from the slope of the Upper Slte. Although, 
the Upper Site, with a~average slope of 4.1 inches per 10 
feet, did drop 0.6 of an inch more than the Lower Site, with 
an average slope of 3.5 inohes per 10 feet. 
The relative oomposition (sand, silt, or clay) of the 
soils at the sites studied (Lower S1te and Upper Site) is 
illustrated in Figure No.3. As in the case of the slope, 
no significant var1ation was found in the compOSition of 
the s011s at these sites. From this study, it was deter-
mined that the average per cent compOSition of the soil at 
the sites was 17.7 per cent sand, 25.6 per cent s1lt, and 
56.7 per cent clay. 
The results of the potentiometric analysis of the soil 
samples are shown in Figure No.4. The pH of the soil at 
the Upper Site was significantly higher, with an average 
pH of 6.62, than the Lower Site, with an average pH of 
5.4~. Conversely, there was no eignificant variation in 
the samples with respect to the depth (root level or rhizome 
level) or the location within a site (Intrasite) from which 
the samples were taken. 
In regard to the nitrate-n1trogen content of the soil 
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samples, no significant variation was found in the nitrate 
content of the soils either according to the depth (root 
level or rhizome level) or the site (Lower Site VB. Upper 
Site) from which the samples were taken. The results of 
this analysis are given in Figure No.5. The average con-
centration of nitrogen in the form of nitrate in the soil 
was found to be 8.7 p.p.m. at the Lower Site and 8.2§ p.p.m. 
at the Upper Site. 
Finally, the results of the analysis for the presence 
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of moisture in the soil samples are shown in Figure No.6. 
From the graph, it may be seen that there was no significant 
variation in the moisture content of the soil samples taken 
during 1961 as compared to_ 1963. However, significant 
variation was found in the"moisture content of the soil 
samples taken from the different sites (Lower Site vs. 
Upper Site) during the y~ar of 1963. It was found that the 
soil of the Lower Site had a significantly higher moisture 
content than the soil of the Upper Site. 
In a further evaluation of the data, it also was found, 
as given 1n Figure No.6, that there was no significant 
variation in the moisture content of the soils taken at 
different depths (root level VB. rhizome level). Yet, 
significant variation was found, throughout, in the moisture 
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Figure 2. The average d~op in inches, slope ot 
the soil surtace, per ten teet at the sites trom which 
Veratrum ealitornieum plants were harvested. 
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Figure 3. The average per cent composition of 
the 80il samples taken from sites (Lower Site and Upper 
Site) from which Veratrum callfornleum plants were 
harvested. 
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Figure 4. The average pH value of the Boil samples 
taken at different depths (root level and rhizome level) 
and from the sites (Lower Site and Upper Site) from which 
Veratrum californicum plants were harvested. 
* Significantly different 
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Figure 5. The average nitrate content, expressed in 
parts per mililon, of the soil samples that were taken from 
different depths (root level and rhizome level) and differ-
ent sites (Lower Site and Upper Site) trom which the 
Veratrum calitornicum plants were harvested. 
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Year ... 1963 
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Site Upper S1te 
44.2 42.5 
E 
B Samples * { * Intrasite 
** D eamPles * Intrasite 
F Samples * { ** Intrasite 
H ramPles ** Intras1te* 
Figure 6. The average per cent moisture present in 
the soil samples taken at different depths (root level and 
rhizome level) on alternate years (1961 and 1963) from 
different sites (Lower Site and Upper Site) from which 
Veratrum ca11fornicum plants were harvested. 
* Sign~ficantly d1fferent 
** Not significantly different 
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4. Discussion 
The results presented indicate that not all of the 
characteristics of the soils were sign1ficantly different. 
The slope of the soil surface of the sites (Figure No.2) 
was not significantly different. Certainly, little or no 
var1a~ion in the slope of the sites was anticipated because 
the sites were selected for their similarity and particular-
ly with respect to the drainage. 
Further similarities between the sites were fo~~d as 
in the composition of the s01ls at the sites. No signifi-
cant variation was found in the per oent of sand, silt, or 
clay of the s01ls at the sites (Figure No.3). The rela-
tive compOSition of the soil (17.7 per cent sand, 25.6 per 
cent silt, and 56.7 per cent clay) shows that it is a fine 
textured soil that may be classed as a "clay" type of s01l 
according to the guide for textural classification given 
by Alexander (1952). Fine textured soils provide for 
greater supplies of water, if there is sufficient rainfall, 
and nitrogen to the plants than course textured Boils 
(Black, 1957). Because the composition of the soils affect 
the plant-soil relation (edaphology), the lack of signifi-
cant variation between the sites is advantageous to the 
evaluation of the other Boil studies. 
As to the nitrogen content of the soils, measured as 
nitrate, no significant difference was found with respect 
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to the source of the sample within a site (root level or 
rhizome level) or between sites (Lower Site VB. Upper Site) 
(Figure No.5). As in the case of the slope of the site 
and the composition of the soils, the variation in alka-
loidal yield cannot be correlated directly to the nitrate 
content of the soils. 
In respect to the relative effects of nitrogen on 
alkaloid formation, it has been concluded by James (Manske 
and Holmes, Vol. I; 1950) tha.t nutritional conditions do 
affect the general growth of the plant as well as alkaloid 
formation. Alkaloids accumulate during the growth of young 
tissues;an~ therefore, conditions that facilitate an in-
crease in growth would increase alkaloid production. James 
(Manske and Holmes, Vol. I; 1950) also concluded that it 
would seem that plants use, more or less directly, ammonia 
in alkaloid synthesis; whereas, the nitrates, because 
they are so slowly reduced by the plant, affect alkaloid 
production only through the affects on growth. Yet Black 
(1957) relates that nitrogen is absorbed from the soil by 
plants principally in the form of nitrates. 
Certain characteristics of the soils did vary signifi-
cantly with the sites stUdied. There was a significant 
difference between the pH of the Boils of the two sites 
(Lower Site vs. Upper Site; Figure No.4). Yet, there was 
no significant variation with respect to the source of the 
samples within the individual sites (depth or intrasite). 
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In respect to the relation between the pH of the soil and 
alkaloid production, Mathes (1928) (see Manske and Holmes, 
.~ 
Vol. Ii 1950) reported finding no relation between pH and 
nicotine production in tobacco plants. Ozerov (1939) (see 
Manske and Holmes, VOl.I; 1950) noted, however, that alka-
line soils increased the growth and the production of alka-
loids in cinchona cuttings. In another study, McNair 
(1942) reported that as the pH decreases so does the number 
of alkaloid-forming genera. This relationship was inter-
preted as being due to the more efficient uptake of ammonium-
nitrogen in alkaline soils and, conversely, nitrate-
nitrogen in acid soils. It was assumed that the plants 
could more effiCiently incorporate the ammonium-nitrogen 
into alkaloid molecules than the nitrate-nitrogen. 
Also, the results of the analysis of the soil moisture 
content show that the Lower Site during 1963 had a higher 
per cent soil moisture content than the Upper Site. 
Similarly, there was significant variation within the 
individual sites (Intrasite). Relative to the effect of 
soil moisture on the active constituent content of plants, 
B1ack(1957) has concluded that the production of active 
constituents is greater when their precursors accumulate in 
the plant and are not subjected to other functions. Since 
water deficiency limits growth relatively more than photo-
syntheSiS, carbohydrates accumUlate and are available for 
uses other than in growth. Thereby, the formation of 
active constituents such as rubber, volatile oils, and 
alkaloids by plants is greater during times of water 
deficiency. 
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Because the soil characteristics as slope, composition, 
and nitrate-nitrogen content were not significantly 
different at the sites studied, any variations in alkaloid-
al yields of the plants that grew in these soils should be 
related to those characteristics that did vary -- the pH 
and the moisture content of the soils. With regard to the 
results of the analysis of Veratrum ca1ifornicum, the lack 
of ,significant variation in the alkaloidal yields obtained 
in 1961 as compared to 1963 is consistent with the lack of 
variation in the soil moisture levels measured during those 
years. Similarly, there was no variation in the alkaloidal 
yields obtained from different morphological structures 
(roots VB. rhizomes) in 1961. This compared favorably with 
the lack of variation in the moisture levels and in the pH 
of the soil samples taken from the different levels during 
that year. Also, the lack of significant variation in 
alkaloidal yields according to intrasite groupings of the 
plants (Intrasites A, B, and C) is consistent with the lack 
of significant variation in the pH of the soil samples 
taken from those sites. 
However, there were some inconsistencies in the re-
sults. There was a significant ditfe~ence between the 
yields obtained from the morphological structures (roots 
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VB. rhizomes) of the plants harvested from the Lower Site 
in 1963. Yet, there was no significant variation in either 
the pH or the moisture content of the soil samples at those 
depths during 1961 or 1963. In addition, there was no 
significant difference between the alkaloidal yields with 
respect to the intrasite groupings (Intrasites A, B, and e), 
but there was a significant difference between the moisture 
contents of the soils taken from the individual sites. 
B. Water 
1. Introduction 
Water, though physically it occurs in many forms (!L:..&. 
precipitation (rainfall, dew, humidity, etc.), is thought 
to elioit its greatest effects in plants in the form of 
precipitation or rainfall. The manner in which the water 
is made available to plants is as important as the physi-
ological processes in which water is involved. Precipitation, 
dependent on the type, the amount, and the time element in-
volved can alter radically the growing conditions of an 
area. Thus, water and espeoially water in the form of 
precipitation can govern the types of vegetation growing in 
an area. 
With respect to drug plants, the relation of water to 
the presence of active constituents in a plant can be as 
involved as any of the many climatic or edaphic factors. 
However, unlike the 80il, the relationship of water to the 
active constituent content of drug plants has received 
little attention with only a limited number of studies 
conducted with alkaloid bearing plants. 
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In a review by Fluck (1955), moisture in the form of 
rainfall was reported to be deleterious to the alkaloid 
content of plants. According to the findings of a number 
of investigators (Arens, 1934; Mothes, 1938; Engel, 1939; 
Sandfort, 1940; and, Flodorf and Palmer, 1949), any plant 
that can excrete alkaloids to the leaf surface can loose 
them from the leaf surface to the precipitation. 
Moisture, primarily in the form of rainfall, can be 
an important environmental factor and one worthy of critical 
analysis. Moisture in the form of rainfall may vary greatly 
within a given locale. Therefore, the quantity of rainfall 
that occurred at the sites where the plants grew was deter-
mined. The methods to be described were designed to test 
the hypothesis that there is a difference in the amount of 
rainfall at the two altitudinal levels at which Veratrum 
californicum was studied. 
2. Methods 
Measurements were made of the relative quantity of 
precipitation, as rainfall, that occurred during the summers 
of 1961 and 1963 at the sites where the Veratrum californicum 
plants grew and were harvested. The measurements were made 
by means of the Victor "Rain-Gage". The gauge was attached 
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to a pole that was planted vertically in the ground until 
the top of the gauge was at a height of 30 inches above the 
soil surface. A "Rain-Gagen was located at the center of 
each collection site (Lower Site and Upper Site). The 
amount of rainfall that collected in the gauge was deter-
mined by reading directly from the scale on the gauge the 
number of inches of water to the nearest hundredth of an 
inch. The measurements were made at the sante tim.e each day 
during the summers of 1961 and 1963. The results were pool-
ed per weekly period for each site (Lower Site and Upper 
Site). A statistical test was made to determine if true 
variation exists in the amount of rainfall that occurred at 
the sites. Simultaneously, the results were tested to 
determine if true variation exists in the amount of rain-
fall that occurred during the week(s). The test was made 
by means of a randomized block design of an analysis of 
variance. In the analysis, F values were calculated. The 
calculated F values were com.pared with the table values 
for F (Snedecor, 1959) (Simpson, et aI, 1960) at a pro-
bability level of P = 0.05 for a one-sided test to deterl 
mine the significance of the analysis. 
3. Results 
The amount of precipitation that occurred as rainfall 
at the sites where the Veratrum californieum plants grew 
and were harvested are given in Figure No.7. The graph 
illustrates the total amount of rain that fell per weekly 
period beginning with July 1st and ending with September 22 
of the year 1961. 
The period of June 15 to July 1 is not given in Figure 
NO.7. During this period, no rainfall occurred. The data 
for the year 1961 show that a significantly greater amount 
of rainfall was measured at the Upper Site than at the 
Lower Site. The statistioal evaluation also reveals a 
significant variation in the quantity of rainfall recorded 
for the weekly periods. 
The measurements made during the summer of 1963 are 
not included in Figure No.7. Only trace amounts of 
precipitation occurred during the early part of the growing 
season. No measur:ab1e quantity of :rainfall was recorded 
until August 13 when 1.0 inches of rain was recorded for 
the Lower Site and 2.19 inches of rain was recorded for 
the Upper Site. Because the harvest of plants for 'this 
year had been made prior to this time, statistical evalu-
ation was not considered. However during both of the years 
1961 and 1963, a greater amount of rain fell at the Upper 
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Figure No.7. The amount of precipitation (rainfall) that occurred at 
the sites from which Veratrum californicum plants were harveatedper weekly 
period during the growing BeaBon of 1961. No measurable quantity of 





The data presented show that the quantities of rain-
fall at the two sites did vary considerably with respect to 
time and location. There was a significantly greater 
quantity of rainfall measured during the summer of the 
year 1961 as compared to 1963. Also, there was a signifi-
cant variation in the rainfall that occurred at the sites 
(Lower S1te VS. Upper Site) with the greater quantity 
measured at the Upper Site. Lastly, a significant var1-
ation was found 1n the quantity of rainfall that was 
measured in the weekly periods during the growing season. 
The greater quantities ot rainfall occurred near and at 
the end of the growing season. 
Although many associations may be drawn between the 
yields of alkaloids obtained from the Veratrum californicum 
plants and the amount of rainfall measured at the sites at 
which the plants grew and were harvested, there appears to 
be no direct correlation. For example, there was a signifi-
cant difference between the quantities of rainfall that 
occurred during 1961 as compared to 1963; yet, there was no 
significant difference between the alkaloidal yields obtain-
ed from the plants harvested during those periods. Also, a 
measurable quantity of precipitation occurred during the 
week of July 1 to July 7 (1961) or just prior to the 
harvest of plants undergoing bud format1on, Collection No.2. 
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During the weekly periods that tollowed, no rainfall 
occurred until the week of August 5 to August 11 which was 
Just pr10r to and at the time of the harvest of plants 
undergoing seed formation, Collection No.4. From Figure 
No.1 (see page 48), it may be seen that the larger 
alkaloidal yields were obtained trom plants undergoing 
bud formation, Collection No.2; whereas, there was a 
gradual decrease in the mean weight ot the alkaloidal 
yields obtained from the subsequent harvests, Collections 
No.3, 4, and 5. Because of the lack at correlation and 
because the plants were not harvested immediately tollow-
ing a rainstorm, the alkaloidal yields obtained from these 
plants should be related more directly to the moisture 
content of the soils in which they grew than to the amount 
of precipitation to which they were subjected. 
Because of the natural relationship between the 
precipitation and the moisture level ot the SOils, it may 
be of value to compare the results obtained in this study. 
By eomparing the relative amounts of rainfall that occurr-
ed (see Figure No.7) with the water content of the 80ils 
(see Figure No.6), it may be seen that in 1961 a signifi-
cantly greater rainfall occurred at the Upper Site than at 
the Lower Site. However, the moisture content of the soils 
were found not to be Significantly different; though, the 
average mOisture content of the soil at the Upper Site was 
slightly higher than that of the Lower Site. Conversely, 
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during the year of 1963 no measurable quantity of rainfall 
occurred during the first part of the growing season. Yet 
the moisture content of the 80ils were significantly 
different with a higher moisture level found in the soil 
samples taken from the Lower Site. 
It is reasonable to assume that the heavier rainfall 
at the Upper Site during 1961 was "modified", by factor(s) 
unknown, to such a degree that the difference in the 
moisture levels in the soils at the sites did not reach 
the Significant level. This assumption was made on the 
basiS that early in the growing season of 1963, when no 
rainfall was measured, the moisture level in the Boil at 
the Upper Site had been reduced below that found in the 
Soil at the Lewer Site. If this was the case, the quantity 
of preCipitation that occurred eould be associated with 
the moisture content of the soils at the sites. A relation 
then may be drawn between precipitation and alkaloidal 
yield of the plants. 
Since it may be possible that other relations may 
exist between the extent of rainfall and the alkaloidal 
yields obtained from the Veratrum ca1ifornicum plants, 
the data were examined further. No reasonable relationship 
was realized other than the relation between precipitation 
and 80il mOisture and the resultant relation between soil 
moisture levels and alkaloidal y1elds that would account 




Temperature, more than any other climatio agent may 
be the limiting element in any environment enoountered at 
higher altitudes or latitudes (Fluck, 1955). When above 
the limiting level, temperature is a oontrolling faotor 
of the physiological rates of the plant -- Van't Hoff's 
Law (Oosting, page 112; 1956). In particular, photo-
synthetio activity is doubled by an 18 degree Fahrenheit 
rise in temperature within the limits of 41 to 77 degrees 
Fahrenheit. Temperature may regulate, therefore, the rates 
of formation and elimination of plant active constituents. 
The results of the very limited number of temperature 
studies conduoted with drug plants show that the assay 
results can be correlated with the annual or daily mean 
temperature. For an analysis of these studies and of 
temperature's effects on the active constituents of drug 
plants, see the review by Fluck (1955). 
Relative to the presence of active constituents in 
a plant, Fluck (1955) has generalized that 
• • • the formation of active 
principles occurs predominantly 
in the periods of' vigorous 
growth or other intensive meta-
bolic processes in the plant 
(~. flowering or fruiting) 
ana-therefore the percentage 
content 1s highest during or 
immediately after 8uch periods. 
It can therefore be expected 
that olimatic conditions which 
allow a healthy and strong 
growth will, generally speak-
ing, produce medicinal plants 
with high content ot active 
principles, whilst poor con-
ditions would rather have the 
opposite effect. 
Thus, it 1s reasonable to assume that within a plant's 
biogeographical area there exists an optimal temperature 
range within which the plant may grow, develop, and pro-
duce a maximum conoentration of active constituents. 
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Because temperature is a critical factor 1n an 
altitudinal environment, the temperature was recorded 
continuously throughout the growing season at the s1tes 
where Veratrum californlcum grew and was harvested. The 
methods that were employed were designed to test the 
hypothesis that the temperature does differ at the alti-
tudinal levels at which Veratrum ca11fornieum was studied. 
2. Methods 
The temperature of the air at the sites where 
Veratrum californicum plants grew and were harvested was 
recorded continuously over a period beginning in the 
spring and ending in the fall. The temperature was deter-
mined and recorded by means of a Bacha.rach nTempscribe", 
a 7 day mechanical continuous recording instrument. The 
recordings were made on charts (No. 3-444) which are sub-
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d1vided into three hour intervals for a 7 day period and 
into five degree intervals from minus 25 degrees to p1u8 
120 degrees Fahrenheit. The instruments were placed 
within the oollection areas and were suspended from a 
cross bar that supported a V-shaped canvas cover to pro-
tect against solar radiation and precipitation. The 
instruments were placed at a height of 12 inches above 
the ground. The instruments were standardized before, 
dur1ng, and after their use against standard thermometers 
and against each other. The data obtained were tabulated 
and analyzed. 
From the recordings, the average weekly maximum, mean, 
and m1nimum temperatures were calculated. The results were 
pooled first according to the year and then according to 
the site from whioh they were obtained. Statistical 
analyses were made to determine if true variation exists 
in either the average weekly maximum, mean, or minimum 
temperatures recorded dur1ng the summers of the two years 
(1961 vs. 1963). Similarly, statist1cal tests were made 
to determine if true variation exists between the temper-
atures recorded at the two sites (Lower Site vs. Upper 
Site) during either of the years 1961 or 1963. 
During 1963, two tempscr1bes were placed at each 
site in order to determ1ne whether or not there may be 
differences in the temperature of the a1r within the 
collect1on areas (Intrasite). Statistical tests were 
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made of the results to determine if true variation exists 
in the temperatures recorded at the Lower Site (Lower No. 1 
VB. Lower No.2) or at the Upper Site (Upper No. 1 VS. 
Upper No.2) during the summer of 1963. 
Though the cardinal temperature characteristics of 
the phYSiological processes for this plant have not been 
established, the minimum temperature limit ot 40 degrees 
Fahrenheit was selected as a measure of "effective tempera-
tures". The total number of hours per week that the 
temperature was below 40 degrees Fahrenheit was calculated. 
Also, the total number ot days that had temperatures below 
40 degrees per weekly period was determined. Then, 
statistical analyses were made to determine if true 
variation exists in the total number of hours and/or the 
total number of days per weekly period with temperatures 
below 40 degrees at the Lower Site as compared to the 
Upper Site for the years 1961 and 1963. 
In each of the above statistical analyses the test 
was made by means ot the completely randomized design of 
an analysis of variance. In each test, an F value was 
calculated. The calculated F values were compared with 
the table values for F (Snedecor, 1959) (Simpson, et aI, 
1960) at a probab1lity level of P = 0.05 for a one-sided 
test to determine the significance of the analysis. 
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The results of the statistical analyses of the temper-
atures recorded at the sites where Veratrum californiaum 
grew and were harvested are given in Figure No.8. The 
graph illustrates the average weekly maximum, mean, and 
minimum temperatures at the sites studied (the Lower Site 
and the Upper Site) during the period of July 1 to 
September 22 of the year 1961. This period of time was 
selected since it represents the time during which the 
plants attained maximum height and produced flowers and 
seed. Also, the plants that were analyzed in this study 
were harvested during this period of time. 
The average weekly maximum, mean, and minimum temper-
atures of 1961 as oompared to 1963 were not Significantly 
different. When the temperatures were analyzed according 
to the area (Lower Site VB. Upper Site) from which they 
were obtained, there was no Significant variation in the 
average weekly maximum temperature of the Lower Site as 
compared to the Upper Site during either of the years, 
1961 or 1963. Contrarily, however, the average weekly 
~ and minimum temperatures of the sites (Lower Site 
VB. Upper Site) were Significantly different from the 
lower average temperatures at the Upper Site. These 
variations occurred in 1961 as well as 1963. 
It also was determined that the intrasite temperatures 
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were not significantly different. No significant variation 
was found in the average weekly maximum, mean, or minimum 
temperatures at either the Lower Site (Lower No. 1 VB. 
Lower No.2) or at the Upper Site (Upper No.1 VB. Upper 
No.2) during the year of 1963. 
Lastly, there was no significant variation in the 
total number of hours or 1n the total number of days 
recorded per weekly period with temperatures below 40 
degrees Fahrenhe1t. The comparisons were made between the 
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minimum temperatures per weekly period that were recorded at 
different altitudinal levels (Site No. 1 - at 7800 feet and 




The results obtained in the measurements of the air 
temperatures at the sites in which the Veratrum oa1iforni-
cum plants grew and were harvested show that significant 
variations occurred only in the average weekly mean and 
minimum temperatures. The higher average temperatures 
were recorded at the Lower Site and conversely the lower 
average temperatures were recorded at the Upper Site. 
Since the weekly mean and minimum temperatures 
recorded during this study varied Significantly, the time 
periods during which the temperatures were below the 
arbitrary "effective limit" of 40 degrees Fahrenheit 
were examined. The results of the analyses show that 
there was no Significant difference between the total 
number of hours or total number of days per weekly period 
with temperatures below 40 degrees Fahrenheit irrespective 
of the location (sites) or the time (years) at which they 
were recorded. Therefore, the plants were subjected to 
Significantly different night-time temperatures dependent 
on the site from which they were harvested. However, the 
plants were subjected to temperatures below 40 degrees 
Fahrenheit for equal periods of time. 
In a study of the effects of temperature on plants, 
Lundegardh (1954) has determined that reserve photosynthetiC 
products (for example, carbohydrates) that are accumulated 
in the plant during the day-time are not utilized, as in 
metabolism, as rapidly and, therefore, not depleted as 
rapidly during the night if temperatures are low rather 
than high (warm). Lundegardh (1954) concluded that 
because plante can retain a greater carbohydrate level 
when subjected to lower temperatures during the night 
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the metabolic processes of the plant, therefore, can 
return to normal more rapidly the following day as com-
pared to similar plants subjected to warmer temperatures. 
According to the analysis of Veratrum californicum, 
the alkaloidal yields obtained from the plants harvested 
during 1961 as compared to 1963 were not Significantly 
different. This is consistent with the lack of variation 
in the temperatures recorded during thoBe periods. In 
addition, the lack of significant variation in the y1eld 
of alkaloids obtained from the plants taken from within 
the individual sites (Intrasites A, B, and C) is con-
sistent with the lack of significant variation in the 
1ntrasite temperatures. However, the results of the 
analysis of plants harvested at different times during the 
growing seaBon are inconsistent with the results of the 
temperature studies. The larger alkaloidal yields were 
obtained during bud formation (Collection No.2, see 
Figure No.1, page 48), whereas the highest recorded 
temperatures occurred during the weekly periods of July 22 
to July 28 (average weekly maximum and mean temperatures) 
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and July 29 to August 4 (average weekly minimum temper-
atures) or Just prior to and concomitant with the harvest 
of plante with flowers (Collection No.3). 
v . THE RELATION OF ALTITUDE 'to 
THE TOTAL ALKALOID CONTENT 
OF VERATRUM CALlFORNICUM 
A. Introduction 
Numerous investigations have been conducted to ascer-
tain the relation of medicinal plants and their active 
constituents to altitude. Because of the large number of 
investigations that have been reported, only the results 
of investigations that have been conducted with alkaloid 
producing plants are summarized below. 
Aconite has been reported (Metin, 1926) to exhibit a 
positive correlation with altitude; thus, an increase in 
alkaloidal yield is expected with an increase in altitude. 
On the other hand, Meyer (1936), Hecht (1942), and Dordi 
(1948), found aconite to have a negat1ve correlation or 
a constant decrease in alkaloidal concentration with an 
increase in altitude. Contrary to both of these obser-
vations, Brunner (1921) and Fluck (lg43) determined that 
there was no correlation between alkaloidal yield of 
aconite and altitude. 
Hyoscyamus plants collected above 5,000 feet, accord-
ing to Ha~da '(1947), gave a higher assay than the plants 
harvested below this level. Annett (1921) reported that 
there was no oonsistent variation in the morphine content, 
of the capsulee of opium; whereas, Rovesti (1954) received 
a graduated inorease in yield of morphine from capsules 
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consistent with an increase in altitude (70 m., 350 m., 
and 600 m.). Moens (1882), Groothoff (1915), and Kerbosoh 
(1948) studied some cinchona species growing at d1fferent 
altitudes and reported that no correlation could be drawn 
between alkaloidal yields and altitude. The yields obtain-
ed from cOlchicum seeds have been correlated negatively 
with altitude up to 1800 meters with no conaistent oorre-
lation beyond that level; however, the yields from col-
chicum bulbs gave no consistent correlation throughout 
the altitudinal levels investigated (Venturi, 1950). The 
assay of ephedra could not be correlated with altitude 
(Ghosh and Krishna, 1930). 
The studies conducted with Veratrum plants in respect 
to altitude have been reviewed previously (see pp. 21). 
For a more extensive review of the effects of altitude on 
drug plants see the report of Fluck (1955). 
As it may be seen from the above reports, there are 
a number of inconsistencies. Because of these incon-
Sistencies, beeause Veratrum californicum grows naturally 
throughout a wide range of altitudinal levels, and because 
altitude has been considered an environmental factor worthy 
of conSideration, it was thought important to evaluate the 
differences in the total alkaloidal yield of this plant 
when harvested at different altitudes. In addition to any 
theoretical value, a knowledge of the effects of altitude 
on this drug plant would have practical applications by 
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acting as a guide to proper collection of the plant. Thus, 
the methods to be described were designed to compare and to 
relate the assay results obtained with the Veratrum 
californicum plants to the environment of the sites which 
are located at different altitudes and at which the plants 
grew and were harvested. 
B. Methods 
Veratrum ca1ifornicum plants were harvested from two 
sites located at different altitudes, Site No. 1 (Lower) 
at 7800 feet and Site No. 2 (Upper) at 9400 feet above 
sea level, during the summers of 1961 and 1963 as describ-
ed in Section II. The alkaloids present in the dry, 
powdered plant material were extracted, dried, and weighed 
according to the methods described in Section III. The 
results of the analysis were tabulated acoording to the 
location and the year by which they were harvested. 
The data were subjected to statistical analyses to 
determ1ne it true variation occurred in the alkaloidal 
yields obtained from plants that grew at d1fferent altitudes. 
The teats were made by means ot a oomplete1y randomized 
design of an analysis of variance. Separate teats were 
made for each year (1961 and 1963). 
In addition, the heights attained by the Veratrum 
californicum plants was employed a8 an indicator of the 
growth-response. In each area trom which samples were 
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to be harvested and analyzed (Lower Site and Upper Site), 
plants were selected at random. When the plants had 
attained maximum growth, the distance from the soil surface 
to the top of the inflorescence was measured. The values 
received were aSSigned to one of three intraaite groups 
(Intrasite A, B, and C) and recorded as the height in 
inches of the plant. The results were tabulated to 
facilitate statistical analysis. 
The data were statistically analyzed to determine if 
true variation exists in the height of the plants found 
growing at the sites (Lower Site VB. Upper Site). Con-
comitantly, a test was made to determine if true variation 
exists in the height of the plants aSBociated with the 
intrasite groups (Intrasites A, B, and C). The teats were 
made by means of a completely randomized design of an 
analysis of varianoe with a 2 x 3 factorial arrangement 
of the data. 
In all of the above tests, F values were calculated. 
The caloulated F values were compared with the table values 
for F (Snedecor, 1959) (Simpson, et a~, 1960) at a proba-
bility level of P = 0.05 fora one-sided test to determine 
the significance of the analysis. 
C. Results 
The results of the analysi8 of the alkaloidal yields 
obtained from Veratrum californiaum plants that grew at 
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d1fferent altitudinal levels (Lower Site and Upper Site) 
are summarized in Tables No.8 and No.9. Each table 
represents the results of a statistical analysis according 
to the year in which the plants were harvested. 
In Table No.8, it may be seen that there was a 
significant difference between the alkaloidal yields with 
respect ~o the site from which the plants were harvested 
during the year 1961. The larger yields were obtained 
from plants that grew at the Upper Site. Similarly, in 
Table No. 9 it may be seen that there was a significant 
variation in the yields obtained from plants harvested 
during 1963. The larger yields again were obtained from 
plants that grew at the Upper Site. 
The results of the analysis of the growth of the 
plants are summarized in Table No. 10. The results show 
that there was a signif1cant d1fference between the heights 
of the plants that grew at the Upper Site as compared to 
the Lower Site. The greater growth was measured at the 
Upper Site. However, the results also show that there 
was no sign1ficant var1ation 1n the he1ghts of plants 




YIELD IN GRAMS, PER CENT DRY WEIGHT, OF ALKALOIDS EXTRACTED 
FROM VERATRUM CALIFORNICUM PLANTS HARVESTED FROM TWO 
ALTlTOIS!NAL LEVELS, sITE NO. 1 (LOWER) AND SITE NO. 2 
(UPPER), DURING THE SUMMER OF 1961. 
Samples Tested Mean Weight Standard Error 
(gms./lOO gma.) 
Year 1961 
Site No. 1 (Lower) 
Site No. 2 (Upper) 






























YIELD IN GRAMS.. PER CENT DRY WEIGHT, OF ALKALOIDS EXTRACTED 
FROM VERATRUM CALIFORNICUM PLANTS HARVESTED FROM TWO 
ALTITUDINAL LEVELS, SITE NO.1 (LOWER) AND SITE NO.2 
(UPPER), DURING THE SUMMER OF 1963. 
Samples Tested 
Year 1963 
Site No. 1 (Lowe~) 










Ana1lsis of Variance Table 
Degrees Sums Calculated 
Source of of Mean F 
Freedom Squares Squares Value 
Total 19 7.7264 
Between 
10.911* Samples 1 2.9160 2.9160 
Within 
Samples 18 4.8105 0.2672 
* Significant 
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TABLE NO. 10 
THE HEIGHT ATTAINED BY '!'HE VERATRUM CALIFORNICUM PLANTS 
LOCATED AT TWO ALTITUDINAL LEV'Ets, SITE NO. 1 (LOWER) 
AND SITE NO. 2 (UPPER), DURING THE SUMMER OF 1961. 
Sam:21es Tested Mean He1,ht Standard Error (inches 
Plant height 
Site No. 1 
+ Intrasite A 
- 47.35 + 1.662 Intrasite B 
-
45.10 1.993 
Intrasite C 45.45 t 1.916 
S1te No. e 
Intrasite A 
- 57.80 t 1.669 
Intras1te B 
-
57.70 t 1.491 
Intrasite C 56.65 t 1.578 
Analysis of Variance Table 
Degrees SUMS Calculated 
Source of of Mean F 
Freedom Squares Squares Value 
Total 59 3607.25 
Between 
Samples 5 2001.28 
Between 
1966.53 64.3* Sites 1 1966.53 
Between 
11.88 0.389** Intras1tes 2 23.76 
Interaction 2 10.985 5.49 0.179** 
Error 54 1650.72 30.569 
* Signif1cant 
** Not Significant 
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D. Discussion 
The results ot the analysis of Veratrum californicum 
emphasize the fact that significant variations in the 
alkaloidal yields obtained from these plants can and do 
occur. The variat10ns that occurred in plants harvested 
from sites at different altitudinal levels are noteworthy. 
These variations affirm a basic assumption of this investi-
gation -- that there is a relation between the active 
constituent content of the plants under study and the 
altitudinal level at which the plants grew and were harvest-
ed. 
There was significant variation in the alkaloidal 
content of the plants harvested from different altitudinal 
sites with the higher yield of alkaloids obtained from 
plants from the Upper Site in comparison to the plants 
from the Lower Site. This variation in alkaloidal yield 
is in contrast to the findings of Jaspersen-Schib and 
FlUck (1960) in which the alkaloidal content of the leaves 
of Veratrum album plants collected below 1200 meters was 
twice the alkalOid content of the plants harvested above 
1200 meters. The fact that the var1ation occurred in the 
alkaloidal yields of the Veratrum californicum plants, 
as it did in the Veratrum album plants, relative to 
differences in altitude further augments the ooncept that 
altitude 1s an environmental factor worthy of conSideration. 
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In addition to the larger alkaloidal y1elds, it was 
determined that the heights attained by the Veratrum 
californiaum plants at the Upper Site were significantly 
greater than tho$e at the Lower S1te. Thus, the h1gher 
alkaloidal content and greater growth attained by the 
plants at the Upper Site reflects a more favorable environ-
ment at the Upper Site as eompared to the Lower Site for 
the growth of the plants and, concomitantly, the production 
of alkaloids by the plants. 
The results ot the soil studies (Figures No.2 through 
No.6) ehow that only the pH (see Figure No.4) and moisture 
content ot the s011 samples (see Figure No.6) taken trom 
the sites under study were significantly different. A 
h1gher pH and lower moisture levels were measured in the 
soil samples taken from the Upper Site as eompared to the 
Lower Site. 
The quantity of rainfall that occurred at the sites 
also wars determined (see Figure No.7). The results show 
that the amount of precipitation varied significantly with 
respect to the years and the sites surveyed. The greatest 
quantity in all eases was meaaured at the Upper Site. 
Lastly, the results of the temperature studies (see 
Figure No.8) show that only the average weekly mean and 
minimum temperatures were significantly different at the 
sitel under study. The lower temperatures were recorded 
at the Upper Site. However, there waa no significant 
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difference in the time periods during whioh the temperatures 
were below 40 degrees Fahrenheit. 
By relating the results of the environmental studies 
to the analysis of Veratrum ca1ifornicum, it can be seen 
that the larger yields of alkaloids were obtained trom the 
Upper Site associated with a higher 80il pH, lower soil 
mOisture, greater quantities of precipitation, and lower 
average weekly mean and minimum temperatures. Thereby, 
the results of this investigation with Veratrum californicum 
are consistent with the observations of McNair (1942) con-
cerning 80il pH, Black (1957) in respect to 80i1 mOisture, 
and Lundegardh (1954) concerning temperature and the 
production of alkaloids by drug plante. 
VI. GENERAL DISCUSSION 
The data presented in these studies demonstrate the 
extent to which the weight of the total alkaloidal ex-
tracts from Veratrum californicum plants were found to vary 
with respect to the time of harvest and the environmental 
conditions of the sites (located at 7800 and 9400 feet 
above sea level) in which the plants grew. The field 
datum was obtained during the growing leason of two alter-
nate years (1961 and 1963). 
At the onset ot this investigation, it was thought 
that if plants of the same species were harvested at 
different times and from different localities that the 
alkaloidal content of the plants at the time ot harvest 
would vary Significantly. It also was thought that the 
variations could be a result of variation in environmental 
conditions. The data show that the alkaloidal yields of 
the plants harvested during 1961 as compared to 1963 were 
not significantly different. However, the alkaloidal 
yields of the plants harvested from the Upper Site were 
significantly greater than the yields of the plants from 
the Lower Site. Also, those plants froll the "Lower Site 
harvested during bud formation (1961) gave the largest 
yields. As to variations between plant parts, roots VB. 
rhizomes, it was determined that only the yield of alka-
loids obtained from the rhizomes of the plants harvested 
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trom the Lower S1te during 1963 was greater than that of 
the associated root system. There was no variation within 
an individual site. Thus I the primary variation found in 
the alkaloidal yields of this plant species were those 
associated with the sites from whence the plants were 
harvested. This gives impetus to the idea that theBe 
variations are a result of environmental conditions. 
Moreover, the data presented indicate that the hypo-
theses tendered throughout this investigation concerning 
the statuB of the environment at the sites in which the 
Veratrum ca1ifornicum plants grew may now be accepted. 
Thus, it was hypothesized that the characteristics of the 
Boil at the sites would vary one with respect to the other. 
The results of the analyses show that the soils at the 
Upper Site had a higher pH (during 1961 and 1963) and lower 
per cent mOisture content (only during 1963 and not 1961) 
than the Lower Site. 'fhere was no eignificant variation 
in either the slope, the texture, or the nitrate content 
of the 80i1s. 
Also, it was hypothesized that the extent of rainfall 
and the temperatures at the sites would be significantly 
different. The results show that a heavier rainfall 
occurred during 1961 than 1963 and the greater quantity of 
rainfall on all occas ions~ was measured at the Upper Site. 
Aa to the temperature, at the 8ites, the average weekly 
mean and minimum temperatures were 81gnlf~cant1y different 
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with the lower temperatures recorded at the Upper Site. 
To the aontrary, the average weekly maximum temperatures 
were not signifiaantly different. In addition, there was 
no signifioant variation in the number of hours or days 
with temperatures below 40 degrees Fahrenheit. 
The Upper Site, which is 1600 feet higher in elevation 
than the Lower Site, did have a higher Boil pH, lower 80il 
moisture content, greater rainfall, and lower night temper-
atures, than did the Lower Site. At the Upper Site the 
Veratrum californiaum plants grew taller and gave larger 
alkalo1dal yields. 
In the interpretation of the possible effects that 
each of these enVironmental factors may have had on the 
alkaloidal content of the plants, references were made to 
the results and findings of other investigators. Acoord-
ing to the findings of Ozerov (1939) and McNair (1942), 
there are indications that the soil with the more alkaline 
pH, at the Upper Site, facilitated a more ready uptake and 
assimilation or ammonia-nitrogen by the plants which in 
turn efrected a greater production or alkaloids. In addi-
tion, the lower soil mOisture, acoording to Black (1957), 
facilitated the formation of alkaloids by limiting growth 
and not photosyntheSiS. The resultant buildup of carbo-
hydrates enhanoed the possibility of greater alkaloidal 
yields. However, the aMount of precipitation that occur-
red during the growing seasons of 1961 and 1963 d1d not 
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correspond to the amount of mOisture in the 80i1s. Further, 
there is little information available to indicate or sub-
stantiate the effect of precip1tation on the alkaloidal 
content of drug plants. Finally, the lower mean and mini-
mum temperatures, aocording to the observations of Lundegardh 
(1954), helped maintain a higher level of carbohydrates by 
reducing the metabolic rate of the plant during the night. 
This further enhanced the production and ultimate alkaloidal 
content of the plants. 
Apparently, at the two sites studied the environmental 
conditions of the Upper Site were more favorable to the 
production and ultimate yield of alkaloids and to the growth 
and development of this plant species. The fact that the 
alkaloidal yields were found to vary with altitude 1s a 
condition that MUst be con8id~red when theBe or other drug 
producing plants are being studied or harvested for 
theoretical, practical, or commeroial purposes from the 
wild or natural state. Therefore, this investigation 
should be extended to include a large number of sites 
throughout the altitudinal range of this plant. Also, 
similar studies should be made of other drug producing 
species that grow at different altitudes. Such investi-
gations might not only contribute to a better understanding 
of the environment-plant act1ve constituent response and 
the underlying mechanisms but may provide a basis for the 
harvest and/or ultimate cultivation ot plants heretofore 
obtained only from the wild state. 
VII. SUMMARY AND CONCLUSIONS 
The experiments described in this investigation 
were conducted to determine the extent of variation in 
the yield of alkaloids that may be obtained from Veratrum 
californicum plants if they were harvested from differ-
ent sites on different oooasions. In particular, the 
study was conducted to determine the extent of variation 
that may be encountered in the alkaloidal yields if the 
plants were harvested from sites located at different 
altitudinal levels. Also, a study was made of the environ-
ment at the sites in which the plants grew to determine 
what factors may have been responsible for the variations. 
A. The Analysis of Veratrum Californicum 
The alkaloidal content of the plants was determined 
by means of a gravimetric analysis of a chloroform ex-
tract of the dry, powdered plant material. The results 
show that the alkaloidal y1elds extracted from plants 
harvested during alternate sununers (1961 and 1963) did not·, 
vary significantly_ Similarly, there was no signif1cant 
variation in the alkaloidal yields obtained from plants 
harvested from within a given site (Intrasite). However, 
in certain cases the alkaloidal yields were significantly 
d1fferent. The alkaloidal yields extracted from plants 
exhibiting bud formation (from the Lower Site, 1961) 
we~e significantly larger than the yields obtained from 
the plants harvested at other times during the growing 
8ea80n. Also, the alkaloidal yields extracted fro. the 
rhizomes of plants (from the Lower Site, 1963) were 
significantly larger than the yields obtaIned from the 
roots. 
B. The Relation of the Environment to the Total 
AlkalOid Content of Veratrum Californicum 
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The environment at the sites was studied. A survey 
of the slopes at the sites was conducted. A180, a mechani-
cal analysis of the composition, a potentiometric analY8is 
of the pH, a speotrophotometric measurement of the nitrate-
nitrogen content, and a g~avimetric measurement of the 
mOisture content of the 80ils at the sites were made. 
In addition, the rainfall was collected and measured, 
and the temperature at the sites was recorded. The data 
show that the only significant variations occurred with 
respect to the pH of the soils, the moisture content of 
the BOils, the amount of rainfall, and the temperature at 
the sites. A higher pH wam measured at the Upper Site, 
but a higher 80il moisture level was measured at the 
Lower Site, during 1963. The quantity of rainfall that 
occurred at the sites, during the years, and during the 
weekly periods varied significantly. The greateat quantity 
of rainfall occurred in 1961 and at the Upper Site. In 
110 
a«ditton, the average weekly mean and minimum temperatures 
were significantly different with the lower temperatures 
recorded at the Upper Site. However, the number of hours 
and/or day. with temperatures below 40 degrees Fahrenheit 
4id not va.ry significantly. 
c. The Relation of Altitude to the Total Alkaloid 
Content of Veratrum Californicum 
Plants that had been harvested from sites located at 
two altitudinal levels (1800 feet and 9400 feet above aea 
level) were analyzed. The data obtained show that the 
alkaloidal yields were significantly different and the 
larger yielde were obtained from plants that grew at the 
Upper Site irrespective of the year in which the planta 
were harvested (1961 and 1963). 
To determine the effect of the environment at the 
8ites on the growth of this plant, their heights were 
measured. The plants at the Upper Site attained a greater 
height than did those at the Lower Site. 
By relating the data obtained from the analys1a of 
the Veratrum californicum plants to the results of the 
environmental studies, the higher alkaloidal content and 
greater growth occurred in those plants that grew at the 
Upper Site alsoeiated with a higher s01l pH, lower 80i1 
moistUre content, greater ra1nfal1, and lower average 
weekly mean and minimum temperatures . 
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D. Conclusions 
From the results presented, it can be concluded that 
the environment at the Upper Site (9400 feet elevation) 
favored the growth and the production of alkaloids by 
Veratrum oalifornieum plants as compared to the Lower 
Site (7800 feet elevation). The observations of other 
investigators were employed in the interpretation of the 
results of this investigat1on. It would seem that the 
environmental faotors encountered at the Upper Site whioh 
may have been responsible for the s1gnificantly higher 
yields (soil pH, 8011 moisture, rainfall, and temperature) 
faoilitated the production of large quantities of 
photosynthate (carbohydrates) which in turn effected the 
produotion of alkaloids. The low 80il moisture levels 
have been reported to limit metabolism relatively more 
than photosynthesis which results in the production of 
larger reserves of photosynthate. The low temperatures 
during the night or non-photosynthetic periods have been 
shown to slow the metabolic rate which reduces the rate 
of depletion ot the reserve photosynthate. Lastly, the 
higher soil pH has been reported to facilitate the 
aSSimilation ot ammonia-nitrogen which in the presence 
of reserve photosynthate could account for the larger 
alkaloidal yields. Thus, an environment that can provide 
the conditions required for a greater growth and production 
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of medicinal agents 1n certa1n drug plants, .e in the case 
of Veratrum californlcum, can occur at higher altitudes. 
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10 Went (1957) has observed and noted that only about one 
per cent of the Veratrum viride Aito plants produce flowers 
each yearo Also, only a few Veratrum ca1ifornioum Eo Durand 
plants annually undergo f10weringo Yet, comparatively a 
large number of Veratrum flmbriatum Gray plants normally 
exhibit f10wers o Went (1957) also has reported that no 
treatment of storage 9 photoperiod i or temperature was found 
that would inorease the percentageo However, there is no 
mention in the literature as to the nature of the stimulus 
that initiates the flowering process in these plants. It 
is assumed, apparently 9 that at a given age these plants 
naturally undergo floweringo Yet there is no indioation as 
to the age at whioh flowering most frequently occurs, nor 
is there any indication as to whether or not if once initiat-
ed the same plants will oontinue to flower annually there-
aftero For these reasons, it is suggested that the oondi-
tions (age VS o environment) which initiates the flowering 
prooess should be determined for the Veratrum plants. The 
conditions by which Veratrum plants undergo flowering might 
be realized by continued observation of marked rootstook. 
Simu1taneous1Yi the environment should be studied from spring 
growth to flowering in order to determine what faotors might 
influence the flowering process o A knowledge of the time 
at or the conditions under whioh a Veratrum plant will 
flower would be of practical value in future environmental 
stUdies with plants of this genuso 
Went 9 FoW. The experimental control of plant growth. 
Vo1o 170 Ohronioa Botaniea 0009 Waltham, 1957, 180. 
20 James (1950) has reported that the alkaloid content 
of cells in and around wound cambia inoreases when 100a1 
growth beginso The alkaloids produced by the new cells are 
dispersed rapidly into the surrounding tissue o F1uok (1955) 
also has reported that the alkaloid oontent of a drug plant 
is greatest at times of peak metabo1io activity as associat-
ed with rapid growth and/or deve10pmento Therein, it be-
oomes of interest to oontemplate and to investigate the 
effeots of varying degrees of oe11u1ar excitation and/or 
destruotion, sufficient to bring about tissue regeneration 
2 
and inoreased metabolic activity, on the alkaloid content 
of a drug plant. Though various physical means as 
scarification, increased temperature, and pressure could 
oause oellular damage, it is suggested that ultra-sonic 
sound be used. Ultra-son1c sound could cause cellular 
excitation and/or destruction without the associated 
external damage that might result in infection. By way of 
the above reports, it would be anticipated that cellular 
excitation or destruotion will result in a temporary in-
crease in the alkaloid content of the plant. Nevertheless, 
information gained from this study might not only be of 
practioal value but provide information concerning the 
effects of ultra-sonio sound on alkaloid formation in drug 
plants. 
Fluck, Ho The influence of climate on the active principles 
in medicinal plants. J. Pharm. Pharmacol., 1955, 
1, 361-383. 
James, w.o. Alkaloids in the plant. In Manske, R.H.F. and 
H.Lo Holmeso The alkaloids, chemistry and physiology. 
Vol. Io Aoademic Press Inoo, New Yor, 1950. 
30 The results, obtained by a number of investigators 
with various plant materials give indioation that moisture 
in the form of rainfall, dew, and/or guttation can be dele-
terious to the alkaloid content of plants -- Ghosh and 
Krishna with ephedra, 1930; Arens with a variety of plants, 
1934; Mathes with plants oontaining Solanaceae alkalOids, 
1938; Sandfort with Datura stramonium, 1940; and Flosdorf 
and Palmer with tobaoco, 1949. From these investigations, 
it may be noted that plants which oan excrete alkaloids 
or mineral salts to the leaf surface may have them washed 
from the leaf surfaoe. However, the stUdies failed to in-
dioate the extent, quantity or number of types of plants, 
to which this can happen. It is proposed, therefore, that 
several individuals o~ a drug plant(s) be subjected to 
aoute and chronio administration ot precipitation (artifi-
cially created) and humidity. In addition, randomly select-
ed individuals (plants), including controls, should be 
harvested prior to and immediately following administration 
of water and assayed for alkaloid content. It is thought 
that not suffioient alkaloidal matter is removed from the 
leaves except under prolonged exposure to preoipitation to 
acoount for the significant changes observed in many drug 
plants harvested at different times during the growing 
season. However if significantly large quantities of 
alkaloids are lost in this manner, then there is need to 
quantitate the loss due to rainfall and/or humidity since 
this would be of real value 1n future harvests of drug 
material. 
Arens, K. The cutioular exoretion of leaveso Jahrb o wiss. 
Botanot 1934, 80, 248-300. 
Flosdorf 9 EoW. and A.W. Palmero Annual variation in n1oo-
tine content of tobaoco. Scienoe, 1949, !!Q, 715-716. 
Ghosh, ToP. and S. Krishna. Jahreszeitlische veranderung 
indischen Ephedra-Arteno Arch. Pharmo, 1930, 268, 
636-6430 
Mothes, Ko Separation of Solanaceae alkaloids from healthy 
leaves. Dtsch o Apotheker ztg., 1938, 21, 1271. 
Sandfort, Eo On the cause of the flucuation in the alkaloid 
content of Datura stramonium. Angewo Bot., 1940, 22, 
1-53. 
4. Several stUdies have been conducted to determine the 
effects of the addition of ammonia, nitrates, or manure to 
the soil on the alkaloid production of a drug plant(s) (see 
the review by James, 1950). In most of the studies, the 
increase of nitrogen in the soil is related to the assay 
[per oent dry weight of active principle (s)J of the drug 
plant. However, there has been little attention given to 
the extent to whioh the assimilated nitrogen is incornorated 
into protein units or structural substanoe as compared to 
alkaloid formation. For this reason', it is suggested that 
the relation between total dry weight of the plant, total 
alkalOid oontent, total plant nltrogen 9 total alkaloidal 
bound nitrogen, and total soil ammonia and nitrate nitrogen 
for a drug plant(s) be determinedo Because the active 
principle content of a drug plant can vary throughout growth 
and development, it also is suggested that the study be 
extended, as much as possible, to determine what happens to 
the relationship(s) during the growing season. The results 
of such a study might lead to a better understanding of 
the internal utilization of nitrate by an alkaloid pro-
ducing plant as well as additional information concerning 
the nature and extent of variation in the alkaloidal con-
tent of a drug plant(s) during the growing season. 
James, W.O. Alkaloids in the plant. In Manske, R.H.F. and 
HoL. Holmes. The alkalOids, chemistry and physiology. 
Vol. 10 Academic Press Inc., New York, 1950. 
4 
50 A number of studies have been oonduoted to determine 
the effects of light as oompared to shading and etiolation 
on photosynthesis j the photoperiodio response, growth, and 
alkaloid produotion (see the review by Fluck, 1955). 
However, there 1s little information available to indioate 
what effect short-wave length (ultraviolet) and/or long-
wave length (infrared) radiation has on the formation of 
alkaloids in the above-ground portions of drug plants o 
Tranquilllni (1964) has reported that with a decrease in 
elevation the ultraviolet radiation 1s filtered out more 
than infrared by the increasing density of the atmosphere 
at the lower elevations. Plants growing at high elevations, 
thereforeg are subjeoted to greater oonoentrations of 
ultraviolet light than are plants growing at low elevations. 
For these reasons, it beoomes of interest to determine what 
effects ultraviolet radiation can have on alkaloid produo-
t10n in a drug plant(s) especially plants from differing 
geographical looations (high elevations vs. low elevations)o 
Conner (1937) has determined that ultraviolet rays of O.3u, 
not effective in glucose synthesis and ohlorophyll produc-
tion, did effect an increase in the solanine content of 
potato plants. Therefore, it could be ant10ipated that 
small doses of ultraviolet radiation also might effeet 
inoreased alkaloid produotion in other plants sensitive to 
its actions. Certainly, 1nformation gained would be of 
value in understand1ng the significanoe of short-wave 
radiation as an environmental factor and its relation to 
alkalold production by drug plant(s)o 
Conner, HoWo Effeot of light on solanine synthesis in the 
potato tuber. Plant PhlSiol oj 1937, 12, 79-98. 
Fluok p H. The influenoe of climate on the aotive pr1noiples 
in medioinal plantso Jo Pharmo Pharmacolo, 1955, 1, 
361-383. 
Tranqu1111ni, Wo The physiology of plants at high altitudes. 
Anno Revo Plant PhlSiolo j 1964 9 12, 345-362. 
